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(54) LISTEN-BEFORE-TALK PARAMETER PROCESSING METHOD, AND CONTENTION WINDOW 
ADJUSTMENT METHOD AND DEVICE

(57) The embodiments of the present disclosure pro-
vide a method for processing an LBT parameter, a meth-
od for adjusting a contention window and associated ap-
paratuses. The method for processing an LBT parameter
includes: generating, by a first station, an LBT parameter
comprising a parameter used by the first station to per-
form LBT for unlicensed carriers and/or indicating a pa-
rameter used by a second station receiving the LBT pa-

rameter to perform LBT for the unlicensed carriers; and
transmitting, by the first station, the LBT parameter. With
the embodiments of the present disclosure, the problem
associated with interference due to unlicensed carrier
contention by neighboring stations can be solved, such
that the interference between the neighboring stations
due to unlicensed carrier contention by the neighboring
stations can be avoided.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to communication technology, and more particularly, to a method for processing
a Listen Before Talk (LBT) parameter, a method for adjusting a contention window and associated apparatuses.

BACKGROUND

[0002] Currently, Long Term Evolution (LTE) communication networks are deployed to operate in licensed carriers.
With the development of LTE, some companies have proposed research topics on deployment of LTE in unlicensed
carriers. For example, some companies believe that, with the rapid growth of data traffic, in near future the licensed
carriers would not be sufficient to carry the huge amount of data brought by such rapid growth of traffic. It has been
proposed to deploy LTE in unlicensed carriers, such that some of the data traffic in the licensed carriers can be offloaded
to the unlicensed carriers, thereby mitigating the data traffic load due to the traffic growth. Meanwhile, the unlicensed
carriers have the following characteristics. In one hand, the unlicensed carriers do not need to be purchased or the
carrier resources have zero cost, so the unlicensed carriers free or inexpensive. On the other hand, the unlicensed
carriers can be deployed by both individuals and companies and vendor devices can be used, so they have low admission
requirements. Furthermore, the unlicensed carriers can be shared. When several different systems or several different
operators of one single system operate in the unlicensed carriers, carrier efficiency can be improved by means of resource
sharing.
[0003] While it is obviously advantageous to deploy LTE in the unlicensed carriers, there are problems in such de-
ployment. For example, there are many radio access technologies, leading to problems such as difficulties in coordination
across different communication standards and diversities in network topologies. Further, there are many radio access
stations, leading to problems such as a large number of users, a difficult coordination and a high overhead in centralized
management. As there are many radio access technologies, there will be various radio systems in the unlicensed carriers,
which are difficult to coordinate and will cause severe interference. Hence, when the LTE is deployed in the unlicensed
carriers, there will still be mutual interference between neighboring stations that are contending for the unlicensed carriers.
[0004] In order to solve these problems, when the LTE is deployed in the unlicensed carriers, it is required to support
control of the unlicensed carriers. It is required by most countries to support a Listen Before Talk (LBT) mechanism when
the system is deployed in the unlicensed carriers. With the LBT mechanism, it is possible to avoid mutual interference
between neighboring systems that are using the unlicensed carriers simultaneously. Meanwhile, a contention back-off
mechanism can be introduced optionally. That is, with the contention back-off mechanism, for neighboring system
stations (typically neighboring transmitting nodes within one single system), it is possible to avoid the interference caused
by neighboring transmitting nodes of the same system that are using the unlicensed carriers simultaneously.
[0005] At present, the LTE is working on researches on deployment of the LTE in a Licensed-Assisted Access (LAA)
system. Most companies believe that a contention-based back-off mechanism will be adopted in a downlink in the LAA
system for contending for access to an unlicensed carrier. For example, Fig. 1 is a flowchart illustrating an LBT mechanism
in a cat4-based process (referring to specifications regarding cat4 in 3GPP TR 36.899). For an LBT mechanism in a
cat2-based process (referring to specifications regarding cat2 in 3GPP TR 36.899), one single Clear Channel Assessment
(CCA) having a fixed time length can be used. When a clear channel is detected, access to the unlicensed carrier is
obtained. Alternatively, a number of successive CCAs each having a predefined time length can be performed. When
the first CCA fails, the subsequent CCAs can be performed. The access to the unlicensed carrier can be obtained when
any one of the CCAs is successful.
[0006] Further, it has been found in the researches that, while neighboring stations in one system can contend for the
same unlicensed carriers, due to lack of a coordination mechanism, the neighboring stations contend for the unlicensed
carriers independently from each other and thus there may be mutual interference between neighboring unlicensed
carriers occupied by the neighboring stations due to adjacent frequency leakage.
[0007] There are currently no effective solutions to the problem in the related art associated with interference due to
unlicensed carrier contention by neighboring stations.

SUMMARY

[0008] The embodiments of the present disclosure provide a method for processing an LBT parameter, a method for
adjusting a contention window and associated apparatuses, capable of solving at least the problem associated with
interference due to unlicensed carrier contention by neighboring stations.
[0009] According to an embodiment of the present disclosure, a method for processing a Listen Before Talk (LBT)
parameter is provided. The method includes: generating, by a first station, an LBT parameter including a parameter
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used by the first station to perform LBT for unlicensed carriers and/or indicating a parameter used by a second station
receiving the LBT parameter to perform LBT for the unlicensed carriers; and transmitting, by the first station, the LBT
parameter.
[0010] Optionally, the LBT parameter includes at least one of: a maximum Contention Window (CW) value, a minimum
CW value, a number of Clear Channel Assessments (CCAs) in a defer period, a random back-off value, unlicensed
carrier information, time to start performing LBT, a maximum transmitting power, or a CCA energy detection threshold.
[0011] Optionally, the method further includes, subsequent to the first station generating the LBT parameter: performing,
by the first station, LBT for the unlicensed carriers based on the LBT parameter; transmitting, by the first station, the
LBT parameter to the second station scheduled by the first station; or transmitting, by the first station, the LBT parameter
to a plurality of second stations scheduled in one subframe, such that the LBT parameters configured for the second
stations have the same Contention Window Size (CWS), the same random back-off value or the same number of 9ms
time slots in a defer period.
[0012] Optionally, the first station performing LBT for the unlicensed carriers based on the LBT parameter includes:
performing, by the first station, LBT based on a cat4 process for an unlicensed carrier having the smallest CW value
among the unlicensed carriers and performing LBT based on a cat2 process for other unlicensed carriers than the
unlicensed carrier having the smallest CW value among the unlicensed carriers; or performing, by the first station, LBT
based on the cat4 process for an unlicensed carrier having the largest CW value among the unlicensed carriers and
performing LBT based on the cat2 process for other unlicensed carriers than the unlicensed carrier having the largest
CW value among the unlicensed carriers.
[0013] Optionally, the method further includes, subsequent to the second station receiving the LBT parameter: per-
forming, by the first station and the second station simultaneously, LBT based on a cat4 process for an unlicensed carrier
having the smallest CW value among the unlicensed carriers and performing LBT based on a cat2 process for other
unlicensed carriers than the unlicensed carrier having the smallest CW value among the unlicensed carriers; performing,
by the second station, LBT based on the cat4 process for the unlicensed carrier having the smallest CW value among
the unlicensed carriers, while performing LBT based on the cat2 process for other unlicensed carriers than the unlicensed
carrier having the smallest CW value among the unlicensed carriers; performing, by the first station and the second
station simultaneously, LBT based on the cat4 process for an unlicensed carrier having the largest CW value among
the unlicensed carriers and performing LBT based on the cat2 process for other unlicensed carriers than the unlicensed
carrier having the largest CW value among the unlicensed carriers; or performing, by the second station, LBT based on
the cat4 process for the unlicensed carrier having the largest CW value among the unlicensed carriers, while performing
LBT based on the cat2 process for other unlicensed carriers than the unlicensed carrier having the largest CW value
among the unlicensed carriers.
[0014] Optionally, the first station performing LBT for the unlicensed carriers based on the LBT parameter includes:
determining, by the first station, bursts to be aggregated and transmitted over the unlicensed carriers; and performing,
by the first station, LBT based on a cat4 process for the unlicensed carriers in accordance with a first LBT level corre-
sponding to a first burst having the highest Quality of Service (QoS) priority among the bursts, or performing, by the first
station, LBT based on the cat4 process for the unlicensed carriers in accordance with a second LBT level corresponding
to a second burst having the lowest QoS priority among the bursts.
[0015] Optionally, the first station performing LBT based on the cat4 process for the unlicensed carriers in accordance
with the first LBT level corresponding to the first burst having the highest QoS priority among the bursts includes:
performing, by the first station, LBT based on the cat4 process for a primary contention carrier of the unlicensed carriers
in accordance with the first LBT level; or the first station performing LBT based on the cat4 process for the unlicensed
carriers in accordance with the second LBT level corresponding to the second burst having the lowest QoS priority
among the bursts includes: performing, by the first station, LBT based on the cat4 process for the primary contention
carrier of the unlicensed carriers in accordance with the second LBT level.
[0016] Optionally, when the LBT parameter includes a CCA energy detection threshold, the first station generating
the CCA energy detection threshold in the LBT parameter includes: determining, by the first station, a CCA energy
detection threshold for each of the unlicensed carriers based on a use scheme of the respective unlicensed carriers.
The use scheme includes a first use scheme in which the unlicensed carriers are used in a non-Carrier Aggregation
(CA) mode and a second use scheme in which the unlicensed carriers are used in a CA mode.
[0017] Optionally, the second use scheme includes: carrier aggregation of the unlicensed carriers using one operating
frequency point; or carrier aggregation of the unlicensed carriers using an operating frequency point corresponding to
each of the unlicensed carriers.
[0018] Optionally, the first station performing LBT for the unlicensed carriers based on the LBT parameter includes:
performing, by the first station, first LBT for the unlicensed carriers. The operation of performing the first LBT includes
performing LBT based on a cat4 process for each of the unlicensed carriers individually.
[0019] Optionally, the first station determining a first CCA energy detection threshold for a first unlicensed carrier of
the unlicensed carriers includes: determining, by the first station, the first CCA energy detection threshold as TL=-75+(23-
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PH)+10log(W) or TL=-73+(23-PH)+101og(W), where PH denotes a maximum transmitting power value for the first
unlicensed carrier in dBm; and W denotes a bandwidth of the first unlicensed carrier in MHz.
[0020] Optionally, the first station performing LBT for the unlicensed carriers based on the LBT parameter includes:
performing, by the first station, second LBT for the unlicensed carriers. The operation of performing the second LBT
includes performing LBT based on a cat4 process for an unlicensed carrier to be used as a primary contention carrier
among the unlicensed carriers and performing LBT based on a cat2 process for an unlicensed carrier to be used as a
secondary contention carrier among the unlicensed carriers.
[0021] Optionally, the first station determining a second CCA energy detection threshold for a second unlicensed
carrier of the unlicensed carriers includes: determining, by the first station, the second CCA energy detection threshold
as TL=-75+(23-PH)+101og(W) or TL=-73+(23-PH)+101og(W), where PH denotes a maximum total transmitting power
value for the unlicensed carriers in dBm; and W denotes a total bandwidth of the unlicensed carriers in MHz.
[0022] Optionally, the first station performing LBT for the unlicensed carriers based on the LBT parameter includes:
performing, by the first station, the first LBT and the second LBT simultaneously for the unlicensed carriers.
[0023] Optionally, the method further includes, subsequent to the first station performing the first LBT for the unlicensed
carriers: using, by the first station, an unlicensed carrier for which the first LBT has succeeded among the unlicensed
carriers based on the first use scheme or the second use scheme. When the unlicensed carrier for which the first LBT
has succeeded among the unlicensed carriers is used based on the second use scheme, a maximum transmitting power
value for the unlicensed carrier for which the first LBT has succeeded among the unlicensed carriers is PH-10log(C),
where PH denotes a maximum total transmitting power value for the unlicensed carriers in dBm and C denotes a number
of the unlicensed carriers.
[0024] Optionally, the method further includes, subsequent to the first station performing the second LBT for the
unlicensed carriers: using, by the first station, the unlicensed carriers based on the second use scheme when the second
LBT for the unlicensed carriers has succeeded. A maximum transmitting power value for each of the unlicensed carriers
is PH-10log(C), where PH denotes a maximum total transmitting power value for the unlicensed carriers in dBm and C
denotes a number of the unlicensed carriers.
[0025] Optionally, the method further includes, subsequent to the first station performing the second LBT for the
unlicensed carriers: using, by the first station, the unlicensed carriers based on the first use scheme when the second
LBT for the unlicensed carriers has failed but the first LBT for a part of the unlicensed carriers has succeeded.
[0026] Optionally, the method further includes, when the part of the unlicensed carriers is one unlicensed carrier, a
maximum transmitting power value for the one unlicensed carrier is PH-10log(C), where PH denotes a maximum total
transmitting power value for the unlicensed carriers in dBm and C denotes a number of the unlicensed carriers.
[0027] Optionally, the first station performing LBT for the unlicensed carriers based on the LBT parameter includes:
performing, by the first station, third LBT for the unlicensed carriers. The operation of performing the third LBT includes
performing LBT based on a cat4 process for one unlicensed carrier to be used as a primary contention carrier among
the unlicensed carriers.
[0028] Optionally, the first station determining a third CCA energy detection threshold for the one unlicensed carrier
to be used as the primary contention carrier among the unlicensed carriers includes: determining, by the first station,
the third CCA energy detection threshold as TL=-75+(23-PH)+10log(W) or TL=-73+(23-PH)+10log(W), where PH de-
notes a maximum transmitting power value for the one unlicensed carrier to be used as the primary contention carrier
among the unlicensed carriers in dBm; and W denotes a bandwidth of the one unlicensed carrier to be used as the
primary contention carrier among the unlicensed carriers in MHz.
[0029] Optionally, the first station performing LBT for the unlicensed carriers based on the LBT parameter includes:
performing, by the first station, fourth LBT for the unlicensed carriers. The operation of performing the fourth LBT includes
performing LBT based on a cat4 process for an unlicensed carrier to be used as a primary contention carrier among the
unlicensed carriers and performing LBT based on a cat2 process for an unlicensed carrier to be used as a secondary
contention carrier among the unlicensed carriers.
[0030] Optionally, the first station determining a fourth CCA energy detection threshold for a fourth unlicensed carrier
of the unlicensed carriers includes: determining, by the first station, the fourth CCA energy detection threshold as TL=-
75+(23-PH)+10log(W) or TL=-73+(23-PH)+10log(W), where PH denotes a maximum total transmitting power value for
the unlicensed carriers in dBm; and W denotes a total bandwidth of the unlicensed carriers in MHz.
[0031] Optionally, the first station performing LBT for the unlicensed carriers based on the LBT parameter includes:
performing, by the first station, the third LBT and the fourth LBT simultaneously for the unlicensed carriers.
[0032] Optionally, the method further includes, subsequent to the first station performing the fourth LBT for the unli-
censed carriers: using, by the first station, the unlicensed carriers based on the second use scheme when the fourth
LBT for the unlicensed carriers has succeeded. A maximum transmitting power value for each of the unlicensed carriers
is PH-10log(C), where PH denotes a maximum total transmitting power value for the unlicensed carriers in dBm and C
denotes a number of the unlicensed carriers.
[0033] Optionally, the method further includes, subsequent to the first station performing the fourth LBT for the unli-
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censed carriers: using, by the first station, the unlicensed carrier to be used as the primary contention carrier among the
unlicensed carriers based on the first use scheme when the fourth LBT for the unlicensed carriers has failed but the
third LBT for the unlicensed carrier to be used as the primary contention carrier among the unlicensed carriers has
succeeded.
[0034] According to another embodiment of the present disclosure, an apparatus applied in a first station for processing
a Listen Before Talk (LBT) parameter is provided. The apparatus includes: a generating module configured to generate
an LBT parameter including a parameter used by the first station to perform LBT for unlicensed carriers and/or indicating
a parameter used by a second station receiving the LBT parameter to perform LBT for the unlicensed carriers; and a
transmitting module configured to transmit the LBT parameter.
[0035] Optionally, the apparatus further includes a performing module configured to: perform LBT for the unlicensed
carriers based on the LBT parameter; transmit the LBT parameter to the second station scheduled by the first station;
or transmit the LBT parameter to a plurality of second stations scheduled in one subframe, such that the LBT parameters
configured for the second stations have the same Contention Window Size (CWS), the same random back-off value or
the same number of 9ms time slots in a defer period.
[0036] Optionally, the performing module is configured to: perform LBT based on a cat4 process for an unlicensed
carrier having the smallest CW value among the unlicensed carriers and perform LBT based on a cat2 process for other
unlicensed carriers than the unlicensed carrier having the smallest CW value among the unlicensed carriers; or perform
LBT based on the cat4 process for an unlicensed carrier having the largest CW value among the unlicensed carriers
and perform LBT based on the cat2 process for other unlicensed carriers than the unlicensed carrier having the largest
CW value among the unlicensed carriers.
[0037] Optionally, the performing module includes: a first determining unit configured to determine bursts to be ag-
gregated and transmitted over the unlicensed carriers; and a first performing unit configured to perform LBT based on
a cat4 process for the unlicensed carriers in accordance with a first LBT level corresponding to a first burst having the
highest Quality of Service (QoS) priority among the bursts, or perform LBT based on the cat4 process for the unlicensed
carriers in accordance with a second LBT level corresponding to a second burst having the lowest QoS priority among
the bursts.
[0038] Optionally, the generating module includes: a second determining unit configured to determine, when the LBT
parameter includes a Clear Channel Assessment (CCA) energy detection threshold, a CCA energy detection threshold
for each of the unlicensed carriers based on a use scheme of the respective unlicensed carriers. The use scheme
includes a first use scheme in which the unlicensed carriers are used in a non-Carrier Aggregation (CA) mode and a
second use scheme in which the unlicensed carriers are used in a CA mode.
[0039] Optionally, the performing module includes: a second performing unit configured to perform first LBT for the
unlicensed carriers. The operation of performing the first LBT includes performing LBT based on a cat4 process for each
of the unlicensed carriers individually.
[0040] Optionally, the second determining unit is configured to: determine a first CCA energy detection threshold for
a first unlicensed carrier of the unlicensed carriers as TL=-75+(23-PH)+101og(W) or TL=-73+(23-PH)+101og(W), where
PH denotes a maximum transmitting power value for the first unlicensed carrier in dBm; and W denotes a bandwidth of
the first unlicensed carrier in MHz.
[0041] Optionally, the performing module includes: a third performing unit configured to perform second LBT for the
unlicensed carriers. The operation of performing the second LBT includes performing LBT based on a cat4 process for
an unlicensed carrier to be used as a primary contention carrier among the unlicensed carriers and performing LBT
based on a cat2 process for an unlicensed carrier to be used as a secondary contention carrier among the unlicensed
carriers.
[0042] Optionally, the second determining unit is configured to: determine a second CCA energy detection threshold
for a second unlicensed carrier of the unlicensed carriers as TL=-75+(23-PH)+101og(W) or TL=-73+(23-PH)+10log(W),
where PH denotes a maximum total transmitting power value for the unlicensed carriers in dBm; and W denotes a total
bandwidth of the unlicensed carriers in MHz.
[0043] Optionally, the performing module includes: a fourth performing unit configured to perform the first LBT and
the second LBT simultaneously for the unlicensed carriers.
[0044] Optionally, the apparatus further includes: a first using module configured to use an unlicensed carrier for which
the first LBT has succeeded among the unlicensed carriers based on the first use scheme or the second use scheme.
When the unlicensed carrier for which the first LBT has succeeded among the unlicensed carriers is used based on the
second use scheme, a maximum transmitting power value for the unlicensed carrier for which the first LBT has succeeded
among the unlicensed carriers is PH-10log(C), where PH denotes a maximum total transmitting power value for the
unlicensed carriers in dBm and C denotes a number of the unlicensed carriers.
[0045] Optionally, the apparatus further includes: a second using module configured to use the unlicensed carriers
based on the second use scheme when the second LBT for the unlicensed carriers has succeeded. A maximum trans-
mitting power value for each of the unlicensed carriers is PH-10log(C), where PH denotes a maximum total transmitting
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power value for the unlicensed carriers in dBm and C denotes a number of the unlicensed carriers.
[0046] Optionally, the apparatus further includes: a third using module configured to use the unlicensed carriers based
on the first use scheme when the second LBT for the unlicensed carriers has failed but the first LBT for a part of the
unlicensed carriers has succeeded.
[0047] Optionally, the performing module includes: a fifth performing unit configured to perform third LBT for the
unlicensed carriers. The operation of performing the third LBT includes performing LBT based on a cat4 process for one
unlicensed carrier to be used as a primary contention carrier among the unlicensed carriers.
[0048] Optionally, the second determining unit is configured to: determine a third CCA energy detection threshold for
the one unlicensed carrier to be used as the primary contention carrier among the unlicensed carriers as TL=-75+(23-
PH)+101og(W) or TL=-73+(23-PH)+101og(W), where PH denotes a maximum transmitting power value for the one
unlicensed carrier to be used as the primary contention carrier among the unlicensed carriers in dBm; and W denotes
a bandwidth of the one unlicensed carrier to be used as the primary contention carrier among the unlicensed carriers
in MHz.
[0049] Optionally, the performing module includes: a sixth performing unit configured to perform fourth LBT for the
unlicensed carriers. The operation of performing the fourth LBT includes performing LBT based on a cat4 process for
an unlicensed carrier to be used as a primary contention carrier among the unlicensed carriers and performing LBT
based on a cat2 process for an unlicensed carrier to be used as a secondary contention carrier among the unlicensed
carriers.
[0050] Optionally, the second determining unit is configured to: determine a fourth CCA energy detection threshold
for a fourth unlicensed carrier of the unlicensed carriers as TL=-75+(23-PH)+101og(W) or TL=-73+(23-PH)+101og(W),
where PH denotes a maximum total transmitting power value for the unlicensed carriers in dBm; and W denotes a total
bandwidth of the unlicensed carriers in MHz.
[0051] Optionally, the performing module includes: a seventh performing unit configured to perform the third LBT and
the fourth LBT simultaneously for the unlicensed carriers.
[0052] Optionally, the apparatus further includes: a fourth using module configured to use the unlicensed carriers
based on the second use scheme when the fourth LBT for the unlicensed carriers has succeeded. A maximum transmitting
power value for each of the unlicensed carriers is PH-10log(C), where PH denotes a maximum total transmitting power
value for the unlicensed carriers in dBm and C denotes a number of the unlicensed carriers.
[0053] Optionally, the apparatus further includes: a fifth using module configured to use the unlicensed carrier to be
used as the primary contention carrier among the unlicensed carriers based on the first use scheme when the fourth
LBT for the unlicensed carriers has failed but the third LBT for the unlicensed carrier to be used as the primary contention
carrier among the unlicensed carriers has succeeded.
[0054] Optionally, the LBT parameter includes at least one of: a maximum Contention Window (CW) value, a minimum
CW value, a number of Clear Channel Assessments (CCAs) in a defer period, a random back-off value, unlicensed
carrier information, time to start performing LBT, a maximum transmitting power, or a CCA energy detection threshold.
[0055] According to a further embodiment of the present disclosure, a computer storage medium is provided. The
computer storage medium stores a computer program for performing the above method for processing a Listen Before
Talk (LBT) parameter.
[0056] According to the embodiments of the present disclosure, a first station generates an LBT parameter including
a parameter used by the first station to perform LBT for unlicensed carriers and/or indicating a parameter used by a
second station receiving the LBT parameter to perform LBT for the unlicensed carriers. The first station transmits the
LBT parameter. With the embodiments of the present disclosure, the problem associated with interference due to unli-
censed carrier contention by neighboring stations can be solved, such that the interference between the neighboring
stations due to unlicensed carrier contention by the neighboring stations can be avoided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] The present disclosure can be further understood with reference to the figures described below, which constitute
a part of the present disclosure. The illustrative embodiments of the present disclosure and descriptions thereof are
provided for explaining, rather than limiting, the present disclosure. In the figures:

Fig. 1 is a flowchart illustrating an LBT mechanism based on a cat4 process according to a related art;

Fig. 2 is a flowchart illustrating a method for processing an LBT parameter according to an embodiment of the
present disclosure;

Fig. 3 is a block diagram showing a structure of an apparatus for processing an LBT parameter according to an
embodiment of the present disclosure;
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Fig. 4 is a first block diagram showing an optional structure of an apparatus for processing an LBT parameter
according to an embodiment of the present disclosure;

Fig. 5 is a second block diagram showing an optional structure of an apparatus for processing an LBT parameter
according to an embodiment of the present disclosure;

Fig. 6 is a third block diagram showing an optional structure of an apparatus for processing an LBT parameter
according to an embodiment of the present disclosure;

Fig. 7 is a fourth block diagram showing an optional structure of an apparatus for processing an LBT parameter
according to an embodiment of the present disclosure;

Fig. 8 is a fifth block diagram showing an optional structure of an apparatus for processing an LBT parameter
according to an embodiment of the present disclosure;

Fig. 9 is a sixth block diagram showing an optional structure of an apparatus for processing an LBT parameter
according to an embodiment of the present disclosure;

Fig. 10 is a seventh block diagram showing an optional structure of an apparatus for processing an LBT parameter
according to an embodiment of the present disclosure;

Fig. 11 is a flowchart illustrating a method for adjusting a CW according to an optional embodiment of the present
disclosure; and

Fig. 12 is a block diagram showing a structure of an apparatus for adjusting a CW according to an optional embodiment
of the present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0058] In the following, the present disclosure will be described in detail with reference to the figures, taken in conjunction
with the embodiments. The embodiments, and the features thereof, can be combined with each other, provided that
they do not conflict.
[0059] It is to be noted that, the terms such as "first", "second" and so on in the description, claims and figures are
used for distinguishing among similar objects and do not necessarily imply any particularly order or sequence.
[0060] In an embodiment, a method for processing an LBT parameter is provided. Fig. 2 is a flowchart illustrating a
method for processing an LBT parameter according to an embodiment of the present disclosure. As shown in Fig. 2,
the method includes the following steps.
[0061] At step S202, a first station generates an LBT parameter including a parameter used by the first station to
perform LBT for unlicensed carriers and/or indicating a parameter used by a second station receiving the LBT parameter
to perform LBT for the unlicensed carriers.
[0062] At step S204, the first station transmits the LBT parameter.
[0063] With the above steps, the first station transmits the generated LBT parameter to its neighboring station, the
second station. The first and second stations start performing LBT simultaneously based on the LBT parameter and can
use the same LBT configuration parameter. In this way, both stations can perform LBT simultaneously and can get
access simultaneously. The second station can adjust the LBT parameter of its own based on the LBT parameter of the
first station, so as to avoid interference between the first and second stations. That is, with the above steps, the problem
associated with interference due to unlicensed carrier contention by neighboring stations can be solved, such that the
interference between the neighboring stations due to unlicensed carrier contention by the neighboring stations can be
avoided.
[0064] Optionally, the above first and second stations can be devices that contend for and use the unlicensed carriers,
e.g., base stations or User Equipments (UEs). For example, a base station can transmit the LBT parameter to its
neighboring base station via X2 interface, S1 interface or air interface signaling. As another example, a base station can
transmit the LBT parameter to a UE via air interface signaling.
[0065] Optionally, the above LBT parameter can include, but not limited to, at least one of: a maximum Contention
Window (CW) value, a minimum CW value, a number of Clear Channel Assessments (CCAs) in a defer period, a random
back-off value, unlicensed carrier information (e.g., carrier identifiers), time to start performing LBT, a maximum trans-
mitting power, or a CCA energy detection threshold. Here, the maximum CW value, the minimum CW value, the number
of CCAs in the defer period, the random back-off value, the time to start performing LBT, the maximum transmitting
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power or the CCA energy detection threshold can be configured for each of the unlicensed carriers individually or for
some or all of the unlicensed carriers uniformly.
[0066] Optionally, after generating the LBT parameter, the first station can perform LBT for the unlicensed carriers
based on the LBT parameter. Alternatively, the first station can transmit the LBT parameter to the second station scheduled
by the first station. Alternatively, the first station can transmit the LBT parameter to a plurality of second stations scheduled
in one subframe, such that the LBT parameters configured for the second stations have the same Contention Window
Size (CWS), the same random back-off value or the same number of 9ms time slots in a defer period.
[0067] Optionally, after the above step S202, the first station can perform LBT for the unlicensed carriers by: performing
LBT based on a cat4 process for an unlicensed carrier having the smallest CW value among the unlicensed carriers
and performing LBT based on a cat2 process for other unlicensed carriers than the unlicensed carrier having the smallest
CW value among the unlicensed carriers; or performing LBT based on the cat4 process for an unlicensed carrier having
the largest CW value among the unlicensed carriers and performing LBT based on the cat2 process for other unlicensed
carriers than the unlicensed carrier having the largest CW value among the unlicensed carriers. That is, with the above
step, the LBT based on the cat4 or cat2 process can be performed for the unlicensed carriers depending on the CW
values of the unlicensed carriers, thereby improving the flexibility of the system.
[0068] Optionally, after the second station has received the LBT parameter transmitted from the first station, the second
station, or both the first and second stations, can perform LBT based on the LBT parameter.
[0069] For example, the first station and the second station can simultaneously perform LBT based on the cat4 process
for an unlicensed carrier having the smallest CW value among the unlicensed carriers and performing LBT based on
the cat2 process for other unlicensed carriers than the unlicensed carrier having the smallest CW value among the
unlicensed carriers. Alternatively, the second station can perform LBT based on the cat4 process for the unlicensed
carrier having the smallest CW value among the unlicensed carriers, while performing LBT based on the cat2 process
for other unlicensed carriers than the unlicensed carrier having the smallest CW value among the unlicensed carriers.
Alternatively, the first station and the second station can simultaneously perform LBT based on the cat4 process for an
unlicensed carrier having the largest CW value among the unlicensed carriers and performing LBT based on the cat2
process for other unlicensed carriers than the unlicensed carrier having the largest CW value among the unlicensed
carriers. Alternatively, the second station can perform LBT based on the cat4 process for the unlicensed carrier having
the largest CW value among the unlicensed carriers, while performing LBT based on the cat2 process for other unlicensed
carriers than the unlicensed carrier having the largest CW value among the unlicensed carriers. That is, with the above
step, the LBT processes performed by the first and second stations can be synchronized, such that the problem associated
with interference due to unlicensed carrier contention by neighboring stations can be solved and the interference between
the neighboring stations due to unlicensed carrier contention by the neighboring stations can be avoided.
[0070] Optionally, after the above step S202, the first station can determine bursts to be aggregated and transmitted
over the unlicensed carriers. Then, the first station can perform LBT based on the cat4 process for the unlicensed carriers
in accordance with a first LBT level corresponding to a first burst having the highest Quality of Service (QoS) priority
among the bursts. In this way, the burst having the highest QoS priority can be prioritized as much as possible in the
contention for the unlicensed carrier resources. Alternatively, after the step S202, the first station can perform LBT for
the unlicensed carriers based on the LBT parameter by performing LBT based on the cat4 process for the unlicensed
carriers in accordance with a second LBT level corresponding to a second burst having the lowest QoS priority among
the bursts. In this way, all the bursts can contend for the unlicensed carrier resources if possible.
[0071] For example, when the first station determines that bursts (i.e., the above bursts) are to be aggregated and
transmitted in a plurality of unlicensed carriers, it performs multi-carrier contention for the unlicensed carrier aggregation
based on the LBT level corresponding to the highest QoS traffic in the bursts (LBT based on the cat4 process is preferred).
[0072] For example, when the first station determines that bursts (i.e., the above bursts) are to be aggregated and
transmitted in a plurality of unlicensed carriers, it performs multi-carrier contention for the unlicensed carrier aggregation
based on the LBT level corresponding to the lowest QoS traffic in the bursts (LBT based on the cat4 process is preferred).
[0073] Optionally, the first station performing LBT based on the cat4 process for the unlicensed carriers in accordance
with the first LBT level corresponding to the first burst having the highest QoS priority among the bursts includes:
performing, by the first station, LBT based on the cat4 process for a primary contention carrier of the unlicensed carriers
in accordance with the first LBT level.
[0074] Optionally, the first station performing LBT based on the cat4 process for the unlicensed carriers in accordance
with the second LBT level corresponding to the second burst having the lowest QoS priority among the bursts includes:
performing, by the first station, LBT based on the cat4 process for the primary contention carrier of the unlicensed carriers
in accordance with the second LBT level.
[0075] Optionally, in this embodiment, a scheme for determining and using the CCA energy detection threshold is also
provided.
[0076] For example, when the LBT parameter includes the CCA energy detection threshold, in the step S202, the first
station can determine a CCA energy detection threshold for each of the unlicensed carriers based on a use scheme of
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the respective unlicensed carriers. Here, the use scheme includes a first use scheme in which the unlicensed carriers
are used in a non-CA mode (i.e., data is transmitted independently in each unlicensed carrier) and a second use scheme
in which the unlicensed carriers are used in a CA mode. In this way, different CCA energy detection thresholds can be
configured for the non-CA mode and the CA mode of the unlicensed carriers. For example, the CCA energy detection
threshold for the CA mode can be set to be lower than that for the non-CA mode, such that the success rate for the first
station to use the unlicensed carriers in the CA mode can be increased.
[0077] Optionally, the above second use scheme (i.e., the CA mode) can include: carrier aggregation of the unlicensed
carriers using one operating frequency point; or carrier aggregation of the unlicensed carriers using an operating frequency
point corresponding to each of the unlicensed carriers.
[0078] A. When the first station performs LBT for the unlicensed carriers based on the LBT parameter, it can perform
first LBT for the unlicensed carriers. The operation of performing the first LBT includes performing LBT based on a cat4
process for each of the unlicensed carriers individually. This can be applied in a scenario in which the unlicensed carriers
are used in the first use scheme or a scenario in which the unlicensed carriers are used in the second use scheme.
[0079] Here, the first station can determine a first CCA energy detection threshold for a particular unlicensed carrier
(e.g., denoted as a first unlicensed carrier) of the unlicensed carriers as TL=-75+(23-PH)+101og(W) or TL=-73+(23-
PH)+101og(W), where PH denotes a maximum transmitting power value for the first unlicensed carrier in dBm; and W
denotes a bandwidth of the first unlicensed carrier in MHz.
[0080] Optionally, when the first station performs LBT for the unlicensed carriers based on the LBT parameter, it can
perform second LBT for the unlicensed carriers. The operation of performing the second LBT includes performing LBT
based on a cat4 process for an unlicensed carrier to be used as a primary contention carrier among the unlicensed
carriers and performing LBT based on a cat2 process for an unlicensed carrier to be used as a secondary contention
carrier among the unlicensed carriers. This can be applied in a scenario in which the unlicensed carriers are used in the
second use scheme.
[0081] Here, the first station can determine a second CCA energy detection threshold for a particular unlicensed carrier
(e.g., denoted as a second unlicensed carrier) of the unlicensed carriers as TL=-75+(23-PH)+10log(W) or TL=-73+(23-
PH)+10log(W), where PH denotes a maximum total transmitting power value for all the unlicensed carriers in dBm; and
W denotes a total bandwidth of all the unlicensed carriers in MHz.
[0082] Optionally, the first station can attempt to perform the first LBT and the second LBT simultaneously for the
unlicensed carriers.
[0083] Optionally, after the first station has performed the first LBT for the unlicensed carriers, it can use an unlicensed
carrier for which the first LBT has succeeded among the unlicensed carriers based on the first use scheme or the second
use scheme. When the unlicensed carrier for which the first LBT has succeeded among the unlicensed carriers is used
based on the second use scheme, a maximum transmitting power value for the unlicensed carrier for which the first LBT
has succeeded among the unlicensed carriers is PH-10log(C), where PH denotes a maximum total transmitting power
value for the unlicensed carriers in dBm and C denotes a number of the unlicensed carriers.
[0084] Optionally, after the first station has performed the second LBT for the unlicensed carriers, it can use the
unlicensed carriers based on the second use scheme when the second LBT for the unlicensed carriers has succeeded.
A maximum transmitting power value for each of the unlicensed carriers is PH-10log(C), where PH denotes a maximum
total transmitting power value for the unlicensed carriers in dBm and C denotes a number of the unlicensed carriers.
[0085] Optionally, after the first station has performed the second LBT for the unlicensed carriers, it can use the
unlicensed carriers based on the first use scheme when the second LBT for the unlicensed carriers has failed but the
first LBT for a part of the unlicensed carriers has succeeded.
[0086] Optionally, when the part of the unlicensed carriers is one unlicensed carrier, a maximum transmitting power
value for the one unlicensed carrier is PH-10log(C), where PH denotes a maximum total transmitting power value for
the unlicensed carriers in dBm and C denotes a number of the unlicensed carriers.
[0087] For example, when a station contends for a plurality of unlicensed carriers, two LBT types and their corresponding
CCA energy detection thresholds can be as follows.
[0088] Type 1: The station performs LBT, preferably LBT cat4, for each of the plurality of unlicensed carriers inde-
pendently. If the contention succeeds, it can transmit in each of the unlicensed carriers independently. Let the maximum
transmitting power (or a fixed power can be used, as applicable below) of each unlicensed carrier be PH=23dBm, a
CCA energy detection threshold is TL=-75+(23-PH)+101og(W)=-62dBm, where W denotes a bandwidth of each unli-
censed carrier (e.g., assumed to be 20MHz).
[0089] Type 2: The station performs LBT (cat4) for a primary contention unlicensed carrier and fast LBT (cat2) for a
secondary contention unlicensed carrier. If the contention succeeds, a number of unlicensed carriers will be aggregated
for transmission. The maximum total transmitting power is PH=23dBm and the maximum transmitting power of each
unlicensed carrier is P=23-10log(C)=20dBm, where C is the number of the aggregated unlicensed carriers. A CCA
energy detection threshold is TL=-75+(23-PH)+101og(W)=-62+3=-59dBm, where W is the total aggregated bandwidth
(e.g., assumed to be two 20MHz carriers).
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[0090] Optionally, the statin can perform the above Type 1 LBT and Type 2 LBT simultaneously.
[0091] Optionally, when the Type 1 LBT has succeeded, the station can allow transmission according to Type 2 (i.e.,
in CA mode).
[0092] Optionally, when the Type 2 LBT has succeeded, a number of unlicensed carriers are occupied simultaneously,
with the maximum transmitting power of each carrier being 20dBm.
[0093] Optionally, if the Type 2 LBT has failed but the Type 1 LBT for a part of the unlicensed carriers has succeeded
in the contention, the part of the unlicensed carriers is be occupied, with the maximum transmitting power of each carrier
in the part of the unlicensed carriers being 23dBm.
[0094] As another example, when a station contends for a plurality of unlicensed carriers, two LBT types and their
corresponding CCA energy detection thresholds can be as follows.
[0095] Type 1: The station performs LBT cat4 for each of the plurality of carriers independently. Assuming that the
plurality of carriers is aggregated for transmission, the maximum transmitting power of each carrier to be used by the
station is PH=20dBm, a CCA energy detection threshold is TL=-75+(23-PH)+10log(W)=-59dBm, where W denotes a
bandwidth of each unlicensed carrier (e.g., assumed to be 20MHz).
[0096] Type 2: The station performs LBT cat4 for a primary contention carrier and fast LBT (cat2) for a secondary
contention carrier. Assuming that the maximum total transmitting power of the primary contention carrier and the sec-
ondary contention carrier is PH=23dBm, the maximum transmitting power of each unlicensed carrier is
P=23-10log(C)=20dBm, where C is the number of the aggregated unlicensed carriers. A CCA energy detection threshold
is TL=-75+(23-PH)+10log(W)= -59dBm, where W is the total aggregated bandwidth (e.g., assumed to be two 20MHz
carriers).
[0097] Optionally, the statin can perform the above Type 1 LBT and Type 2 LBT simultaneously. Alternatively, the
station can perform one of the Type 1 LBT and Type 2 LBT selectively.
[0098] Optionally, when the Type 1 LBT processes performed independently for the primary carrier and the secondary
carrier have both succeeded, the carriers are occupied simultaneously, with the maximum transmitting power of each
carrier being 20dBm.
[0099] Optionally, when the Type 2 LBT has succeeded, the primary contention carrier and the secondary contention
carrier are occupied simultaneously, with the maximum transmitting power of each carrier being 20dBm.
[0100] Optionally, if the Type 1 LBT is configured to be performed and the LBT has succeeded for only one carrier,
the one carrier is occupied, with the maximum transmitting power of the carrier being 20dBm. Here, power boosting can
be applied, such that the maximum transmitting power of the carrier can be 23dBm.
[0101] B. When the first station performs LBT for the unlicensed carriers based on the LBT parameter, it can perform
third LBT for the unlicensed carriers. The operation of performing the third LBT includes performing LBT based on a
cat4 process for one unlicensed carrier to be used as a primary contention carrier among the unlicensed carriers. This
can be applied in a scenario in which the unlicensed carriers are used in the second use scheme.
[0102] Here, the first station can determine a third CCA energy detection threshold for the one unlicensed carrier to
be used as the primary contention carrier among the unlicensed carriers as TL=-75+(23-PH)+10log(W) or TL=-73+(23-
PH)+101og(W), where PH denotes a maximum transmitting power value for the one unlicensed carrier to be used as
the primary contention carrier among the unlicensed carriers in dBm; and W denotes a bandwidth of the one unlicensed
carrier to be used as the primary contention carrier among the unlicensed carriers in MHz.
[0103] Optionally, when the first station performs LBT for the unlicensed carriers based on the LBT parameter, it can
perform fourth LBT for the unlicensed carriers. The operation of performing the fourth LBT includes performing LBT
based on a cat4 process for an unlicensed carrier to be used as a primary contention carrier among the unlicensed
carriers and performing LBT based on a cat2 process for an unlicensed carrier to be used as a secondary contention
carrier among the unlicensed carriers. This can be applied in a scenario in which the unlicensed carriers are used in the
second use scheme.
[0104] Here, the first station can determining a fourth CCA energy detection threshold for a particular unlicensed carrier
(denoted as a fourth unlicensed carrier) of the unlicensed carriers as TL=-75+(23-PH)+101og(W) or TL=-73+(23-
PH)+10log(W), where PH denotes a maximum total transmitting power value for all the unlicensed carriers in dBm; and
W denotes a total bandwidth of all the unlicensed carriers in MHz.
[0105] Optionally, the first station can attempt to perform the third LBT and the fourth LBT simultaneously for the
unlicensed carriers.
[0106] Optionally, after the first station has performed the fourth LBT for the unlicensed carriers, the first station can
use the unlicensed carriers based on the second use scheme when the fourth LBT for the unlicensed carriers has
succeeded. A maximum transmitting power value for each of the unlicensed carriers is PH-10log(C), where PH denotes
a maximum total transmitting power value for the unlicensed carriers in dBm and C denotes a number of the unlicensed
carriers.
[0107] Optionally, after the first station has performed the fourth LBT for the unlicensed carriers, the first station can
use the unlicensed carrier to be used as the primary contention carrier among the unlicensed carriers based on the first
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use scheme when the fourth LBT for the unlicensed carriers has failed but the third LBT for the unlicensed carrier to be
used as the primary contention carrier among the unlicensed carriers has succeeded.
[0108] For example, when a station contends for a plurality of unlicensed carriers, two LBT types and their corresponding
CCA energy detection thresholds can be as follows.
[0109] Type 1: Only one unlicensed carrier is used as a primary contention carrier and LBT cat4 can be performed
independently in the unlicensed carrier. Assuming that the primary contention carrier is transmitted independently and
the maximum transmitting power of the primary contention carrier to be used by the station is PH=23dBm, a CCA energy
detection threshold is TL=-75+(23-PH)+10log(W)=-62dBm, where W denotes a bandwidth of each unlicensed carrier
(e.g., assumed to be 20MHz).
[0110] Type 2: LBT cat4 is performed for a primary contention carrier and fast LBT (cat2) is performed for a secondary
contention carrier. Assuming that the maximum total transmitting power of the primary contention carrier and the sec-
ondary contention carrier is PH=23dBm, the maximum transmitting power of each unlicensed carrier is
P=23-10log(C)=20dBm, where C is the number of the aggregated unlicensed carriers. A CCA energy detection threshold
is TL=-75+(23-PH)+10log(W)= -59dBm, where W is the total aggregated bandwidth (e.g., assumed to be two 20MHz
carriers).
[0111] Optionally, the statin can perform the above Type 1 LBT and Type 2 LBT simultaneously.
[0112] Optionally, when the Type 2 LBT has succeeded, two carriers are occupied simultaneously, with the maximum
transmitting power of each carrier being 20dBm.
[0113] Optionally, if the Type 2 LBT has failed and the Type 1 LBT for the primary contention carrier has succeeded,
the primary contention carrier is occupied. The transmitting power of the primary contention carrier is 23dBm. Moreover,
the secondary contention carrier will not be occupied alone.
[0114] With the description of the above embodiments, it will be apparent to those skilled in the art that the method
according to the above embodiments can be implemented by means of software plus a necessary general-purpose
hardware platform. Of course it can be implemented in hardware, but in many cases the former is the optimal imple-
mentation. Based on this understanding, the technical solution of the present disclosure in essence, or parts thereof
contributive to the prior art, can be embodied in the form of a software product. The computer software product can be
stored in a storage medium (e.g., ROM/RAM, magnetic disk, or optical disc) and includes instructions for causing a
terminal device (which may be a mobile phone, a computer, a server, or a network device, etc.) to perform the method
described in the various embodiments of the present disclosure.
[0115] According to an embodiment of the present disclosure, an apparatus for processing an LBT parameter is also
provided. The apparatus can be applied in a first station for implementing the above embodiments and preferred em-
bodiments (details thereof will be omitted here). As used hereinafter, the term "module" can be software, hardware, or
a combination thereof, capable of performing a predetermined function. While the apparatuses to be described in the
following embodiments are preferably implemented in software, it can be contemplated that they can also be implemented
in hardware or a combination of software and hardware.
[0116] Fig. 3 is a block diagram showing a structure of an apparatus for processing an LBT parameter according to
an embodiment of the present disclosure. As shown in Fig. 3, the apparatus includes a generating module 32 and a
transmitting module 34.
[0117] The generating module 32 is configured to generate an LBT parameter including a parameter used by the first
station to perform LBT for unlicensed carriers and/or indicating a parameter used by a second station receiving the LBT
parameter to perform LBT for the unlicensed carriers. The transmitting module 34 is coupled to the generating module
32 and configured to transmit the LBT parameter.
[0118] Fig. 4 is a first block diagram showing an optional structure of an apparatus for processing an LBT parameter
according to an embodiment of the present disclosure. As shown in Fig. 4, optionally, the apparatus can further include
a performing module 42 coupled to the generating module 32 and configured to: perform LBT for the unlicensed carriers
based on the LBT parameter.
[0119] Optionally, the performing module 42 can be configured to: perform LBT based on a cat4 process for an
unlicensed carrier having the smallest CW value among the unlicensed carriers and perform LBT based on a cat2
process for other unlicensed carriers than the unlicensed carrier having the smallest CW value among the unlicensed
carriers; or perform LBT based on the cat4 process for an unlicensed carrier having the largest CW value among the
unlicensed carriers and perform LBT based on the cat2 process for other unlicensed carriers than the unlicensed carrier
having the largest CW value among the unlicensed carriers.
[0120] Fig. 5 is a second block diagram showing an optional structure of an apparatus for processing an LBT parameter
according to an embodiment of the present disclosure. As shown in Fig. 5, optionally, the performing module 42 can
include: a first determining unit 422 configured to determine bursts to be aggregated and transmitted over the unlicensed
carriers; and a first performing unit 424 coupled to the first determining unit 422 and configured to perform LBT based
on a cat4 process for the unlicensed carriers in accordance with a first LBT level corresponding to a first burst having
the highest QoS priority among the bursts, or perform LBT based on the cat4 process for the unlicensed carriers in
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accordance with a second LBT level corresponding to a second burst having the lowest QoS priority among the bursts.
[0121] Optionally, the generating module 32 can include: a second determining unit configured to determine, when
the LBT parameter includes a Clear Channel Assessment (CCA) energy detection threshold, a CCA energy detection
threshold for each of the unlicensed carriers based on a use scheme of the respective unlicensed carriers. The use
scheme includes a first use scheme in which the unlicensed carriers are used in a non-CA mode and a second use
scheme in which the unlicensed carriers are used in a CA mode.
[0122] Optionally, the performing module 42 can include: a second performing unit configured to perform first LBT for
the unlicensed carriers. The operation of performing the first LBT includes performing LBT based on a cat4 process for
each of the unlicensed carriers individually. Alternatively, the performing module 42 can be configured to transmit the
LBT parameter to the second station scheduled by the first station; or transmit the LBT parameter to a plurality of second
stations scheduled in one subframe, such that the LBT parameters configured for the second stations have the same
CWS, the same random back-off value or the same number of 9ms time slots in a defer period.
[0123] Optionally, the second determining unit can be configured to: determine a first CCA energy detection threshold
for a first unlicensed carrier of the unlicensed carriers as TL=-75+(23-PH)+10log(W) or TL=-73+(23-PH)+10log(W),
where PH denotes a maximum transmitting power value for the first unlicensed carrier in dBm; and W denotes a bandwidth
of the first unlicensed carrier in MHz.
[0124] Optionally, the performing module 42 can include: a third performing unit configured to perform second LBT
for the unlicensed carriers. The operation of performing the second LBT includes performing LBT based on a cat4
process for an unlicensed carrier to be used as a primary contention carrier among the unlicensed carriers and performing
LBT based on a cat2 process for an unlicensed carrier to be used as a secondary contention carrier among the unlicensed
carriers.
[0125] Optionally, the second determining unit can be configured to: determine a second CCA energy detection thresh-
old for a second unlicensed carrier of the unlicensed carriers as TL=-75+(23-PH)+10log(W) or TL=-73+(23-
PH)+10log(W), where PH denotes a maximum total transmitting power value for the unlicensed carriers in dBm; and W
denotes a total bandwidth of the unlicensed carriers in MHz.
[0126] Optionally, the performing module 42 can include: a fourth performing unit configured to perform the first LBT
and the second LBT simultaneously for the unlicensed carriers.
[0127] Fig. 6 is a third block diagram showing an optional structure of an apparatus for processing an LBT parameter
according to an embodiment of the present disclosure. As shown in Fig. 6, optionally, the apparatus can further include:
a first using module 62 coupled to the performing module 42 and configured to use an unlicensed carrier for which the
first LBT has succeeded among the unlicensed carriers based on the first use scheme or the second use scheme. When
the unlicensed carrier for which the first LBT has succeeded among the unlicensed carriers is used based on the second
use scheme, a maximum transmitting power value for the unlicensed carrier for which the first LBT has succeeded
among the unlicensed carriers is PH-10log(C), where PH denotes a maximum total transmitting power value for the
unlicensed carriers in dBm and C denotes a number of the unlicensed carriers.
[0128] Fig. 7 is a fourth block diagram showing an optional structure of an apparatus for processing an LBT parameter
according to an embodiment of the present disclosure. As shown in Fig. 7, optionally, the apparatus can further include:
a second using module 72 coupled to the performing module 42 and configured to use the unlicensed carriers based
on the second use scheme when the second LBT for the unlicensed carriers has succeeded. A maximum transmitting
power value for each of the unlicensed carriers is PH-10log(C), where PH denotes a maximum total transmitting power
value for the unlicensed carriers in dBm and C denotes a number of the unlicensed carriers.
[0129] Fig. 8 is a fifth block diagram showing an optional structure of an apparatus for processing an LBT parameter
according to an embodiment of the present disclosure. As shown in Fig. 8, optionally, the apparatus can further include:
a third using module 82 coupled to the performing module 42 and configured to use the unlicensed carriers based on
the first use scheme when the second LBT for the unlicensed carriers has failed but the first LBT for a part of the
unlicensed carriers has succeeded.
[0130] Optionally, the performing module 42 can include: a fifth performing unit configured to perform third LBT for
the unlicensed carriers. The operation of performing the third LBT includes performing LBT based on a cat4 process for
one unlicensed carrier to be used as a primary contention carrier among the unlicensed carriers.
[0131] Optionally, the second determining unit can be configured to: determine a third CCA energy detection threshold
for the one unlicensed carrier to be used as the primary contention carrier among the unlicensed carriers as TL=-75+(23-
PH)+101og(W) or TL=-73+(23-PH)+10log(W), where PH denotes a maximum transmitting power value for the one
unlicensed carrier to be used as the primary contention carrier among the unlicensed carriers in dBm; and W denotes
a bandwidth of the one unlicensed carrier to be used as the primary contention carrier among the unlicensed carriers
in MHz.
[0132] Optionally, the performing module 42 can include: a sixth performing unit configured to perform fourth LBT for
the unlicensed carriers. The operation of performing the fourth LBT includes performing LBT based on a cat4 process
for an unlicensed carrier to be used as a primary contention carrier among the unlicensed carriers and performing LBT
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based on a cat2 process for an unlicensed carrier to be used as a secondary contention carrier among the unlicensed
carriers.
[0133] Optionally, the second determining unit can be configured to: determine a fourth CCA energy detection threshold
for a fourth unlicensed carrier of the unlicensed carriers as TL=-75+(23-PH)+101og(W) or TL=-73+(23-PH)+10log(W),
where PH denotes a maximum total transmitting power value for the unlicensed carriers in dBm; and W denotes a total
bandwidth of the unlicensed carriers in MHz.
[0134] Optionally, the performing module 42 can include: a seventh performing unit configured to perform the third
LBT and the fourth LBT simultaneously for the unlicensed carriers.
[0135] Fig. 9 is a sixth block diagram showing an optional structure of an apparatus for processing an LBT parameter
according to an embodiment of the present disclosure. As shown in Fig. 8, optionally, the apparatus can further include:
a fourth using module 92 coupled to the performing module 42 and configured to use the unlicensed carriers based on
the second use scheme when the fourth LBT for the unlicensed carriers has succeeded. A maximum transmitting power
value for each of the unlicensed carriers is PH-10log(C), where PH denotes a maximum total transmitting power value
for the unlicensed carriers in dBm and C denotes a number of the unlicensed carriers.
[0136] Fig. 10 is a seventh block diagram showing an optional structure of an apparatus for processing an LBT
parameter according to an embodiment of the present disclosure. As shown in Fig. 10, optionally, the apparatus can
further include: a fifth using module 102 coupled to the performing module 42 and configured to use the unlicensed
carrier to be used as the primary contention carrier among the unlicensed carriers based on the first use scheme when
the fourth LBT for the unlicensed carriers has failed but the third LBT for the unlicensed carrier to be used as the primary
contention carrier among the unlicensed carriers has succeeded.
[0137] It should be noted that each of the above-described modules can be implemented by means of software or
hardware, and the latter can be implemented in, but not limited to, the following manner: the above-mentioned modules
can be located at the same processor, or can be distributed over a plurality of processors.
[0138] According to an embodiment of the present disclosure, a software product is provided. The software can perform
the solutions described in the above embodiments and preferred embodiments.
[0139] According to an embodiment of the present disclosure, a storage medium is also provided. In this embodiment,
the storage medium can be configured to store program codes for the following steps.
[0140] At step S202, a first station generates an LBT parameter including a parameter used by the first station to
perform LBT for unlicensed carriers and/or indicating a parameter used by a second station receiving the LBT parameter
to perform LBT for the unlicensed carriers.
[0141] At step S204, the first station transmits the LBT parameter.
[0142] Alternatively, in the present embodiment, the above-described storage medium may include, but not limited to,
a USB disk, a Read-Only Memory (ROM), a Random Access Memory (RAM), a mobile hard disk, a magnetic disk, an
optical disc, or other mediums capable of storing program codes.
[0143] In order to describe the embodiments of the present disclosure more clearly, the optional embodiments will be
described and explained in the following.
[0144] The optional embodiments of the present disclosure provide a method of LBT for multi-carrier aggregation,
capable of solving the problem associated with interference due to unlicensed carrier contention by neighboring stations.
Also provided is a scheme for determining a CCA energy detection threshold.

Scheme 1

[0145] A station (or more generally, a device using unlicensed carriers) transmits a parameter used by the station to
perform LBT for unlicensed carriers or a parameter required to be used by a receiver to perform LBT for the unlicensed
carriers, via an X2 interface, an S1 interface or an air interface. Here, the parameter may include one or more of a
maximum CW value, a minimum CW value, a number of 9ms CCAs in a defer period, an N value for random back-off,
unlicensed carrier information (e.g., carrier identifiers), information on time to start performing LBT, a CCA energy
detection threshold, or a predetermined maximum transmitting power.
[0146] Scheme 1 can be used for contention for the unlicensed carriers when neighboring stations are configured with
frequency reuse. For example, when two stations contend for one unlicensed carrier, the neighboring stations start
performing LBT simultaneously based on the information on the time to start performing LBT and using the same LBT
configuration parameter. In this way, the two stations can perform LBT simultaneously (with their N values decremented
at the same time while the channel is clear) and get access to the channel simultaneously, such that the interference
between them can be avoided. This scheme can also be used for contention for adjacent unlicensed carriers, so as to
avoid interference between the adjacent unlicensed carriers due to adjacent frequency leakage.
[0147] When Station 1 transmits the above LBT information for Station 2 and Station 2 is to contend with Station 1 for
one unlicensed carrier, Station 2 can determine to start contending for one unlicensed carrier simultaneously with Station
1 based on the above LBT parameter and determine parameters, such as its detection threshold and transmitting power,
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based on the CCA detection threshold of Station 1 during the contention process. Station 2 can determine its LBT
parameter based on the received LBT parameter or use the same LBT parameter as Station 1 directly.
[0148] Alternatively, a base station can configure an LBT parameter for UEs, such that the UEs served by the base
station can perform a unified LBT process. For example, the base station configure UEs scheduled in one subframe
with the same cat4 CW size, or directly with the same N value, the same number of 9ms time slots in a defer period, etc.
In this case, the unlicensed carrier information and the information on the predetermined maximum transmitting power
can be omitted.
[0149] Alternatively, when neighboring base stations contend for unlicensed carriers, the base stations can exchange
configuration information with each other to allow simultaneous access to one unlicensed carrier or unlicensed carriers
at adjacent frequency points, such that the neighboring base stations can be configured with frequency multiplexing.
For example, the base stations can exchange their LBT parameters, such as CW sizes and N values for random back-
off (including decremented N values), with each other rapidly via an X2 interface. The real-time exchange of the N values
advantageously ensures that the base stations can get access to the unlicensed carrier(s) simultaneously.
[0150] Alternatively, neighboring base stations can optionally exchange their carrier use schemes with each other,
including CA schemes or schemes in which each carrier is transmitted independently. Here, different use schemes have
different maximum transmitting powers and different CCA energy detection thresholds. By exchanging the above infor-
mation between neighboring base stations directly or implicitly, the base station can determine their respective CCA
detection thresholds, future transmitting power (depending directly on their respective coverages) and the like when
performing LBT, such that the interference between the base stations can be minimized when they are configured with
frequency multiplexing.

Scheme 2

[0151] When a station contends for a plurality of unlicensed carriers, it performs a cat4 process for contending for the
carrier having the smallest CW size while performing a cat2 process for each of the remaining carriers.
[0152] Alternatively, when a station contends for a plurality of unlicensed carriers, it performs a cat4 process for
contending for the carrier having the largest CW size while performing a cat2 process for each of the remaining carriers.

Scheme 3

[0153] When a station is to aggregate and transmit bursts in a plurality of unlicensed carriers, it performs a multi-carrier
contention process (e.g., a cat4 process) for unlicensed carrier aggregation in accordance with an LBT level corresponding
to the traffic having the highest QoS among the bursts. For example, when there is a primary contention carrier, the LBT
level corresponding to the traffic having the highest QoS can be applied in the primary contention carrier.
[0154] Alternatively, when a station is to aggregate and transmit bursts in a plurality of unlicensed carriers, it performs
a multi-carrier contention process (e.g., a cat4 process) for unlicensed carrier aggregation in accordance with an LBT
level corresponding to the traffic having the lowest QoS among the bursts. For example, when there is a primary contention
carrier, the LBT level corresponding to the traffic having the lowest QoS can be applied in the primary contention carrier.

Scheme 4

[0155] When CA is applied across unlicensed carriers and a station uses an individual operating frequency point for
each of the unlicensed carriers, a maximum transmitting power of 23dBm can be allocated to the unlicensed carrier
corresponding to the frequency point, regardless of the bandwidth of the unlicensed carrier.
[0156] Power regulation for an unlicensed carrier should be applied in accordance with its frequency point. For example,
when a station uses a 40MHz bandwidth which has only one operating frequency point, the maximum transmitting power
for the unlicensed carrier is 23dBm. When a station uses a 40MHz bandwidth in which unlicensed carriers having different
operating frequency points are aggregated, the maximum transmitting power for the unlicensed carrier at each operating
frequency point is 23dBm. As an example, when two 20MHz unlicensed carriers are aggregated into one 40MHz carrier
having only one operating frequency, the maximum transmitting power for the 40MHz carrier is 23dBm. When there are
two operating frequency points over 40MHz, each corresponding to 20MHz, the maximum transmitting power for 20MHz
corresponding to each frequency point is 23dBm.
[0157] When a station operating at a plurality of frequency points uses one single Radio Frequency (RF) link, a plurality
of unlicensed carriers can use 23dBm at maximum even if they have different operating frequency points. When a station
operating at a plurality of frequency points uses different RF links, the maximum transmitting power for one or more
unlicensed carriers in different RF links will be 23dBm.
[0158] In the following, a detection method and a CCA detection threshold for multiple carriers applied in one single
station will be explained with reference to some examples.
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[0159] A station can set a CCA energy detection threshold for each carrier independently or for a set of carriers
collectively. The threshold can be determined based on an intended use scheme before the station contends for unli-
censed carriers. Here, the use scheme may include e.g., a scheme in which a plurality of accessed unlicensed carriers
is used in a CA mode (optionally, aggregated using one operating frequency point or using the frequency point corre-
sponding to each of the unlicensed carriers), e.g., in which each of the accessed unlicensed carriers is transmitted
independently, or a scheme in which a non-CA mode is applied. In the following explanation, Schemes 5, 6 and 7 will
be given.

Scheme 5

[0160] When a station contends for a plurality of unlicensed carriers, two LBT types and their corresponding CCA
energy detection thresholds can be as follows.
[0161] Type 1: If the contention succeeds, each of the unlicensed carriers is transmitted independently. Let the max-
imum transmitting power (or a fixed power can be used, as applicable below) of each unlicensed carrier be PH=23dBm,
a CCA energy detection threshold is TL=-62dBm, calculated as TL=-75+(23-PH)+10log(W), where PH=23 and W denotes
a bandwidth of each unlicensed carrier (e.g., assumed to be 20MHz). LBT, preferably LBT cat4, is performed for each
of the plurality of unlicensed carriers independently.
[0162] Type 2: If the contention succeeds, a number of unlicensed carriers will be aggregated for transmission. The
maximum total transmitting power is PH=23dBm and the maximum transmitting power of each unlicensed carrier is
P=23-10log(C)=20dBm, where C is the number of the aggregated unlicensed carriers (e.g., assumed to be 20MHz
each). The station performs LBT (cat4) for a primary contention unlicensed carrier and fast LBT for a secondary contention
unlicensed carrier. A CCA energy detection threshold is TL=-62+3=-59dBm, calculated as TL=-75+(23-PH)+10log(W),
where PH=23 and W is the total aggregated bandwidth (e.g., assumed to be two 20MHz carriers).
[0163] Optionally, the statin can perform the above Type 1 LBT and Type 2 LBT simultaneously.
[0164] Optionally, when the Type 1 LBT has succeeded, the station can allow transmission according to Type 2.
[0165] Optionally, when the Type 2 LBT has succeeded, a number of unlicensed carriers are occupied simultaneously,
with the maximum transmitting power of each carrier being 20dBm.
[0166] Optionally, if the Type 2 LBT has failed but the Type 1 LBT for a part of the unlicensed carriers has succeeded
in the contention, the part of the unlicensed carriers is be occupied, with the maximum transmitting power of each carrier
in the part of the unlicensed carriers being 23dBm.

Scheme 6

[0167] When a station contends for a plurality of unlicensed carriers, two LBT types and their corresponding CCA
energy detection thresholds can be as follows.
[0168] Type 1: It is assumed that only one unlicensed carrier is used as a primary contention carrier and LBT cat4 is
performed independently. Assuming that the primary contention carrier is transmitted independently and the maximum
transmitting power of the primary contention carrier to be used by the station is PH=23dBm, a CCA energy detection
threshold is TL=-62dBm, calculated as TL=-75+(23-PH)+10log(W), where PH=23 and W denotes a bandwidth of each
unlicensed carrier (e.g., assumed to be 20MHz).
[0169] Type 2: LBT cat4 is performed for a primary contention carrier and fast LBT is performed for a secondary
contention carrier. Assuming that the maximum total transmitting power of the primary contention carrier and the sec-
ondary contention carrier is PH=23dBm, the maximum transmitting power of each unlicensed carrier is
P=23-10log(C)=20dBm, where C is the number of the aggregated unlicensed carriers (e.g., assumed to be 20MHz
each). A CCA energy detection threshold is TL= -59dBm, calculated as TL=-75+(23-PH)+10log(W), where P=23 and
W is the total aggregated bandwidth (e.g., assumed to be two 20MHz carriers).
[0170] Optionally, the statin can perform the above Type 1 LBT and Type 2 LBT simultaneously in the primary contention
carrier.
[0171] Optionally, when the Type 2 LBT has succeeded, two carriers are occupied simultaneously, with the maximum
transmitting power of each carrier being 20dBm.
[0172] Optionally, if the Type 2 LBT has failed and the Type 1 LBT for the primary contention carrier has succeeded,
the primary contention carrier is occupied. The transmitting power of the primary contention carrier is 23dBm. Moreover,
the secondary contention carrier will not be occupied alone.

Scheme 7

[0173] When a station contends for a plurality of unlicensed carriers, two LBT types and their corresponding CCA
energy detection thresholds can be as follows.



EP 3 370 359 A1

16

5

10

15

20

25

30

35

40

45

50

55

[0174] Type 1: LBT cat4 is performed for each of the plurality of carriers independently. Assuming that the plurality of
carriers is aggregated for transmission, the maximum transmitting power of each carrier to be used by the station is
PH=20dBm, a CCA energy detection threshold is TL=-59dBm, calculated as TL=-75+(23-PH)+10log(W), where PH=20
and W denotes a bandwidth of each unlicensed carrier (e.g., assumed to be 20MHz).
[0175] Type 2: LBT cat4 is performed for a primary contention carrier and fast LBT is performed for a secondary
contention carrier. Assuming that the maximum total transmitting power of the primary contention carrier and the sec-
ondary contention carrier is PH=23dBm, the maximum transmitting power of each unlicensed carrier is
P=23-10log(C)=20dBm, where C is the number of the aggregated unlicensed carriers (e.g., assumed to be 20MHz
each). A CCA energy detection threshold is TL= -59dBm, calculated as TL=-75+(23-PH)+10log(W), where PH=23 and
W is the total aggregated bandwidth (e.g., assumed to be two 20MHz carriers).
[0176] Optionally, the statin can perform the above Type 1 LBT and Type 2 LBT simultaneously. Alternatively, the
station can perform one of the Type 1 LBT and Type 2 LBT selectively.
[0177] Optionally, when the Type 1 LBT processes performed independently for the primary carrier and the secondary
carrier have both succeeded, the carriers are occupied simultaneously, with the maximum transmitting power of each
carrier being 20dBm.
[0178] Optionally, when the Type 2 LBT has succeeded, the primary contention carrier and the secondary contention
carrier are occupied simultaneously, with the maximum transmitting power of each carrier being 20dBm.
[0179] Optionally, if the Type 1 LBT is configured to be performed and the LBT has succeeded for only one carrier,
the one carrier is occupied, with the maximum transmitting power of the carrier being 20dBm. Here, power boosting can
be applied, such that the maximum transmitting power of the carrier can be 23dBm.
[0180] With the above schemes, a method is provided for determining and using an energy detection threshold in
contention and use of a plurality of unlicensed carriers. In this way, it is possible to flexibly support contention for multiple
unlicensed carriers while supporting contention for one single unlicensed carrier. The conventional multi-carrier conten-
tion mechanism for unlicensed carriers can be improved, such that multi-carrier contention for unlicensed carriers can
be achieved while satisfying the corresponding regulation requirements for the unlicensed carriers.
[0181] In the above Schemes 5-7, the station can derive the TL value from its given maximum transmitting power and
transmission bandwidth. However, due to factors such as frequency reuse among different nodes, the TL value preferably
belongs to a particular range. Alternatively, a particular value in the range can be used directly as the final TL value.
[0182] Here, in order to determine the CCA energy detection threshold (CCA-ED TL), the upper and lower limits of
TL can be:

Lower limit of CCA-ED TL: TLlow=Q+10log(20); and
Upper limit of CCA-ED TL: TLup=Q+(23-PH)+10log(W),

where TLlow is the TL value at the maximum transmitting power for one single carrier, the parameter Q can be preferably
Q=-73 or Q=-75, or Q can be another value, W is the maximum bandwidth of the carrier for transmission in MHz, with
a one-to-one correspondence to the operating frequencies for transmission, and PH is the maximum transmitted power
actually transmitted by the station.
[0183] In the above Schemes 5-7, the TL values or ranges for the respective carriers can be independent from each
other.
[0184] For example, when the Q value is -73, assuming that the station has a total bandwidth of 80MHz and each
carrier corresponds to a 20MHz bandwidth, the upper and lower limits for the TL value corresponding to each carrier or
channel can be calculated as: 

and 

[0185] Optionally, the limits are {-60dBm, -37-PH} for 20MHz corresponding to the first carrier or channel, {-60dBm,
-37-PH} for 20MHz corresponding to the second carrier or channel, {-60dBm, -37-PH} for 20MHz corresponding to the
third carrier or channel, and {-60dBm, -37-PH} for 20MHz corresponding to the fourth carrier or channel, where PH is
the maximum transmitted power actually transmitted by the station and W is the maximum bandwidth of the carrier for
transmission in MHz, with a one-to-one correspondence to the operating frequencies for transmission.
[0186] In the above Schemes 5-7, the TL values or ranges for the respective carriers can be similar to those used in
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a Wireless Fidelity (Wi-Fi) system.
[0187] Assuming that the station has a total bandwidth of 160MHz, the upper and lower limits for the TL value corre-
sponding to each carrier or channel can be calculated as: 

and 

[0188] Optionally, the limits are {-60dBm, -37-PH} for 20MHz PCH corresponding to the first carrier or channel, {-60dBm,
-37-PH} for 20MHz SCH corresponding to the second carrier or channel, {-60dBm, -34-PH} for 40MHz SCH corresponding
to the third carrier or channel, and {-60dBm, -31-PH} for 80MHz PCH corresponding to the fourth carrier or channel,
where PH is the maximum transmitted power actually transmitted by the station and W is the maximum bandwidth of
the carrier for transmission in MHz, with a one-to-one correspondence to the operating frequencies for transmission.
[0189] In the above Schemes 5-7, the TL values or ranges for the respective carriers can be flexibly bound to their
bandwidths.
[0190] Assuming that the station has a total bandwidth of 160MHz, the upper and lower limits for the TL value corre-
sponding to each carrier or channel can be calculated as: 

and 

[0191] Optionally, the limits are {-60dBm, -37-PH} for 20MHz PCH corresponding to the first carrier or channel, {-60dBm,
-34-PH} for 40MHz SCH corresponding to the second carrier or channel, {-60dBm, -37-PH} for 20MHz SCH corresponding
to the third carrier or channel, and {-60dBm, -31-PH} for 80MHz SCH corresponding to the fourth carrier or channel,
where PH is the maximum transmitted power actually transmitted by the station and W is the maximum bandwidth of
the carrier for transmission in MHz, with a one-to-one correspondence to the operating frequencies for transmission.
[0192] In the above Schemes 5-7, the TL values or ranges for the respective carriers can be based on equal or unequal
power.
[0193] Here, in this example, the TL values or ranges for the respective carriers are independent from each other.
The calculations in this example also apply to the situations in which the TL values or ranges for the respective carriers
are similar to those used in a Wi-Fi system or in which the TL values or ranges for the respective carriers are flexibly
bound to their bandwidths, and further details thereof will be omitted here.
[0194] Assuming that the maximum transmitting power of the station is 23dBm, for equal power allocation, PH=17dBm
for each carrier or channel. Optionally, the limits are {-60dBm, -54dBm} for 20MHz corresponding to the first carrier or
channel, {-60dBm, -54dBm} for 20MHz corresponding to the second carrier or channel, {-60dBm, -54dBm} for 20MHz
corresponding to the third carrier or channel, and {-60dBm, -54dBm} for 20MHz corresponding to the fourth carrier or
channel.
[0195] Assuming that the maximum transmitting power of the station is 23dBm, for unequal power allocation, the PH
values for the respective carriers or channels are 20dBm, 17dBm, 14dBm and 14dBm. It is to be noted that the unequal
power values here are exemplary only and could be other values.
[0196] Optionally, the limits are {-60dBm, -57dBm} for 20MHz corresponding to the first carrier or channel, {-60dBm,
-54dBm} for 20MHz corresponding to the second carrier or channel, {-60dBm, -51dBm} for 20MHz corresponding to the
third carrier or channel, and {-60dBm, -51dBm} for 20MHz corresponding to the fourth carrier or channel.
[0197] All or part of the different schemes described above in this embodiment can be combined, provided that the
different examples do not conflict. In the Equation TL=-75+(23-PH)+10log(W) in Schemes 5-7, -75 can be replaced with
-73 in the calculations.
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Scheme 8

[0198] In an optional embodiment of the present disclosure, a method for adjusting a CW for one or more unlicensed
carriers is provided. It can be used in contention for one single unlicensed carrier, or in contention for unlicensed carriers
when a plurality of carriers are aggregated. In the following, the method will be described as applied in a base station.
It is to be noted here that the method can also be applied in a UE.
[0199] Fig. 11 is a flowchart illustrating a method for adjusting a CW according to an optional embodiment of the
present disclosure. As shown in Fig. 11, the method includes the following steps.
[0200] At step S1102, when performing LBT for an unlicensed carrier, a station determines whether a time length for
which it has not used an unlicensed carrier is equal to or smaller than a predetermined time length K, where K is larger
than zero.
[0201] At step S1104, when the determination result is yes, the station adjusts the CW for the unlicensed carrier.
[0202] Optionally, when the determination result is no, the method can further include a step in which the station
performs LBT using a CW having a predefined length or the same length as the last CW.
[0203] With the above steps, when a base station (or a UE) performs LBT, the base station determines the time length
for which it has not used Unlicensed Carrier 1 for data transmission (or the time length for which it has not used Unlicensed
Carrier 1). When the time length is smaller than (or equal to) K, the base station proceeds with A; otherwise it proceeds
with B.

A. The base station adjusts the current CWS based on one or more reference subframes for which valid Hybrid
Automatic Repeat reQuest (HARQ) - Acknowledgement (ACK) feedback information was received within the time
length K before the current LBT.
Alternatively, the base station adjusts the current CWS based on one or more reference subframes for which valid
HARQ-ACK feedback information was received within the time length K but not within a time length K1 before the
current LBT.
B. The base station uses a default CWS (e.g., the minimum CW) or the last CW.

[0204] Optionally, the station adjusting the CW for the unlicensed carrier includes: the station adjusts the CW based
on the HARQ-ACK feedback information for the reference subframe(s).
[0205] Optionally, the reference subframe(s) can include one of: one or more subframes corresponding to the valid
HARQ-ACK feedback information received within the time length K before performing the LBT; or one or more subframes
corresponding to the valid HARQ-ACK feedback information received within a time length smaller than K but larger than
K1 before performing the LBT, where 0<K1<K.
[0206] Optionally, the operation of adjusting the CW based on the HARQ-ACK feedback information for the reference
subframe(s) includes: increasing the length of the CW when the proportion of Non-Acknowledgement (NACK) in the
HARQ-ACK feedback information is larger than or equal to a predefined proportion, P; or decreasing the length of the
CW when the proportion of NACK in the HARQ-ACK feedback information is smaller than the predefined proportion P.
[0207] Optionally, the station decreasing the length of the CW includes the station adjusting the length of the CW to
a predefined length, e.g., the minimum CW.
[0208] Optionally, the predefined proportion P can have one of the following values: 10%, 50%, 75% or 100%.
[0209] Optionally, the value of K can be a constant value.
[0210] Optionally, the value of K can be determined based on contention fairness and/or a desired contention probability.
For example, the value of K can be obtained from simulations. For example, K is mainly dependent on two factors: the
contention fairness and the desired contention probability. Hence, for a given system in which the contention fairness
and the desired contention probability are given, the specific value of K can be determined from simulations.
[0211] Optionally, the value of K can be selected by the station from a set of predefined K values.
[0212] Optionally, the value of K can be exchanged between the station and another station via an S1 interface, an
X2 interface and/or an air interface.
[0213] Optionally, before determining whether the time length for which it has not used the unlicensed carrier is equal
to or smaller than the predefined time length K, the station receives a K value of another station transmitted from the
other station and set the value of K for the station to be equal to the K value of the other station. In this way, when the
K values are exchanged between different base stations, a secondary base station can set its K value to be equal to
the received K value of a primary base station.
[0214] Optionally, the above reference subframe(s) may include, but not limited to, one of the following:

1. The first or last subframe among subframes corresponding to the received HARQ-ACK feedback information.

2. All subframes corresponding to the received HARQ-ACK feedback information.
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3. The last subframe in the last downlink (DL) bursts received before performing LBT and within the time length K.

4. The first subframe in the last DL bursts received before performing LBT and within the time length K.

5. The subframe corresponding to the last valid HARQ-ACK feedback information received before performing LBT
and within the time length K.

6. The subframe corresponding to the last valid HARQ-ACK feedback information received before performing LBT
and within the time length smaller than K but larger than K1.

7. A plurality of subframes in one DL burst before performing LBT and within the time length K.

8. A plurality of subframes in a plurality of DL bursts corresponding to the HARQ-ACK feedback information received
before performing LBT and within the time length K.

9. A plurality of subframes in the last at least two of the plurality of DL bursts corresponding to the HARQ-ACK
feedback information received before performing LBT and within the time length K.

10. One subframe in the last at least two of the plurality of DL bursts corresponding to the HARQ-ACK feedback
information received before performing LBT and within the time length K. For example, one subframe in the last at
least two DL bursts within the time length K can be used as a subframe in Item A. For example, in a regulated region
having a maximum occupation time length of 4ms, since the HARQ-ACK feedback in the LTE system takes 4ms,
when the base station performs LBT immediately after the last burst in the time length K, it could not receive the
HARQ-ACK feedback corresponding to the burst. Thus, it has to be the last at least two DL bursts (the number 2 is
exemplary only and any number larger than 1, e.g., 3 or 4, is possible) such that the scheme can be feasible.

11. A plurality of subframes in the last one of the plurality of DL bursts corresponding to the HARQ-ACK feedback
information received before performing LBT and within the time length K.

12. A plurality of subframes in the last at least two bursts corresponding to the HARQ-ACK feedback information
received before performing LBT and within the time length K.

[0215] Optionally, when the base station has a DL transmission within the time length K but the HARQ-ACK feedback
corresponding to the DL transmission has not been transmitted by the receiver timely, the base station can use the last
CW or a default CW (e.g., the minimum CW). For example, after the base station has transmitted DL bursts in the last
1, 2, 3 or 4 subframes within the time length K, when the base station performs the current LBT and the receiver has
not transmitted the HARQ-ACK corresponding to the DL bursts, the base station determines that no HARQ-ACK infor-
mation has been received and does not consider these subframes in HARQ-ACK statistics. This is because it takes
some time for the receiver to receive and process the DL bursts. For example, since the processing time of 4ms is
required in the LTE specification, the HARQ-ACK feedback information corresponding to the DL burst transmitted at
0ms will be received at 4ms or later.
[0216] Optionally, the value of K is larger than or equal to a time length of one DL burst.
[0217] Optionally, the value of K is a multiple of a maximum time length for which an unlicensed carrier can be occupied
for one time as predefined in the system or specified for a region (e.g., the maximum time length for which an unlicensed
carrier can be occupied for one time in a 5GHz frequency band as specified in Europe is 13ms). For example, the value
of K can be configured to be a number of times larger than the maximum time length for which an unlicensed carrier
can be occupied for one time as specified by the system or by a regional law. For example, when the specified maximum
time length is 13ms, the value of K can be larger than or equal to m*13, where m is larger than or equal to 3. For example,
when the system specified maximum time length is 10ms, the value of K can be larger than or equal to m*10, where m
is larger than or equal to 3. As another example, when the system specified maximum time length is 4ms, the value of
K can be larger than or equal to m*4, where m is larger than or equal to 3.
[0218] Optionally, the value of K1 may be different for different systems. For example, K1 can be 4ms for the LTE system.
[0219] The above Schemes 1-8 can be combined.
[0220] Furthermore, the above Scheme 8 can be further described as follows.
[0221] In an optional embodiment of the present disclosure, a method for adjusting a CW for one or more unlicensed
carriers is provided. It can be used in contention for one single unlicensed carrier, or in contention for unlicensed carriers
when a plurality of carriers are aggregated.
[0222] When a base station (or a UE) performs LBT, the base station determines the time length for which it has not
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used Unlicensed Carrier 1 for data transmission (or the time length for which it has not used Unlicensed Carrier 1). When
the time length is smaller than (or equal to) K, the base station proceeds with A; otherwise it proceeds with B.

A. The base station adjusts the current CWS based on one or more reference subframes for which HARQ-ACK
feedback information was received (valid) within the time length K before the current LBT
Alternatively, the base station adjusts the current CWS based on one or more reference subframes for which HARQ-
ACK feedback information was received (valid) within the time length K but not within a time length K1 before the
current LBT.
B. The base station uses a default CWS (e.g., the minimum CW) or the last CW.

[0223] Optionally, the CWS can be adjusted based on the HARQ-ACK feedback information. In particular, if at least
P% of the received HARQ-ACK feedback information is NACK, the station increases the length of the CW; otherwise it
sets the CW as the minimum CW. Here, P% can be one of {10%, 50%, 75%, 100%}.
[0224] Optionally, the value of K can be a constant value. The value of K can be obtained from simulations. For
example, K is mainly dependent on two factors: the contention fairness and the desired contention probability. Hence,
for a given system in which the contention fairness and the desired contention probability are given, the specific value
of K can be determined from simulations.
[0225] Optionally, a set of K values can be configured by the system and the station can select one value from the
set and configure it as the K value for the base station.
[0226] Optionally, the value of K can be exchanged between different base stations via an S1 interface and an X2
interface.
[0227] Optionally, when the K values are exchanged between different base stations, a secondary base station can
set its K value to be equal to the received K value of a primary base station.
[0228] Optionally, the one subframe in Item A as described above can be HARQ-ACK in the first or last received
subframe.
[0229] Optionally, the subframes in Item A as described above can be all subframes for which HARQ-ACK is received.
[0230] Optionally, the last subframe in Item A as described above can be in the last DL burst within the time length K.
[0231] Optionally, the one subframe in Item A as described above can be the first subframe in the last DL burst received
within the time length K.
[0232] Optionally, the one subframe in Item A as described above can be the last subframe for which a valid HARQ-
ACK is received within the time length K from the time at which the base station starts performing LBT this time.
[0233] Optionally, the one subframe in Item A as described above can be the last subframe for which a valid HARQ-
ACK is received within the time length K but not within the time length K1 from the time at which the base station starts
performing the current LBT.
[0234] Optionally, when the base station has a DL transmission within the time length K but the HARQ-ACK feedback
corresponding to the DL transmission has not been transmitted by the receiver timely, the base station can use the last
CW or a default CW (e.g., the minimum CW). For example, after the base station has transmitted DL bursts in the last
1, 2, 3 or 4 subframes within the time length K, when the base station performs the current LBT and the receiver has
not transmitted the HARQ-ACK corresponding to the DL bursts, the base station determines that no HARQ-ACK infor-
mation has been received and does not consider these subframes in HARQ-ACK statistics. This is because it takes
some time for the receiver to receive and process the DL bursts. For example, since the processing time of 4ms is
required in the LTE specification, the HARQ-ACK feedback information corresponding to the DL burst transmitted at
0ms will be received at 4ms or later.
[0235] Optionally, the value of K1 may be different for different systems. For example, K1 can be 4ms for the LTE system.
[0236] Optionally, the subframes in Item A as described above can be a plurality of subframes in one DL burst within
the time length K.
[0237] Optionally, the subframes in Item A as described above can be a plurality of subframes in a plurality of DL
bursts for which HARQ-ACK is received within the time length K.
[0238] Optionally, when the subframes in Item A as described above are distributed over in a plurality of DL bursts
within the time length K, preferably a plurality of subframes in the last one of the plurality of DL bursts can be used as
the subframes in Item A.
[0239] Optionally, when the subframes in Item A as described above are distributed over in a plurality of DL bursts
within the time length K, preferably a plurality of subframes in the last at least two of the plurality of DL bursts can be
used as the subframes in Item A.
[0240] Optionally, preferably a plurality of subframes in the last at least two DL bursts within the time length K can be
used as the subframes in Item A.
[0241] Optionally, preferably one subframe in the last at least two DL bursts within the time length K can be used as
the one subframe in Item A. For example, in a regulated region having a maximum occupation time length of 4ms, since
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the HARQ-ACK feedback in the LTE system takes 4ms, when the base station performs LBT immediately after the last
burst in the time length K, it could not receive the HARQ-ACK feedback corresponding to the burst. Thus, it has to be
the last at least two DL bursts (the number 2 is exemplary only and any number larger than 1, e.g., 3 or 4, is possible)
such that the scheme can be feasible.
[0242] Optionally, the value of K can be configured to be larger than or equal to a time length of one DL burst.
[0243] Optionally, the value of K can be configured as a multiple of a maximum time length for one occupation as
predefined in the system or specified for a region. For example, when the specified maximum time length is 13ms, the
value of K can be larger than or equal to m*13, where m is larger than or equal to 3. For example, when the system
specified maximum time length is 10ms, the value of K can be larger than or equal to m*10, where m is larger than or
equal to 3. As another example, when the system specified maximum time length is 4ms, the value of K can be larger
than or equal to m*4, where m is larger than or equal to 3.
[0244] According to an embodiment of the present disclosure, an apparatus for adjusting a CW is also provided. The
apparatus can be applied in a station for implementing the above embodiments and preferred embodiments (details
thereof will be omitted here). As used hereinafter, the term "module" can be software, hardware, or a combination thereof,
capable of performing a predetermined function. While the apparatuses to be described in the following embodiments
are preferably implemented in software, it can be contemplated that they can also be implemented in hardware or a
combination of software and hardware.
[0245] Fig. 12 is a block diagram showing a structure of an apparatus for adjusting a CW according to an optional
embodiment of the present disclosure. As shown in Fig. 12, the apparatus can be applied in a station (e.g., a base station
or a UE). The apparatus includes: a determining module 122 and an adjusting module 124.
[0246] The determining module 122 is configured to determine, when performing LBT for an unlicensed carrier, whether
a time length for which it has not used an unlicensed carrier is equal to or smaller than a predetermined time length K,
where K is larger than zero.
[0247] The adjusting module 124 is coupled to the determining module 122 and configured to adjust, when the deter-
mination result is yes, the CW for the unlicensed carrier.
[0248] It can be appreciated by those skilled in the art that the above-described modules or steps of the present
disclosure can be implemented by a general purpose computing device, and can be centralized at one single computing
device or distributed over a network of multiple computing devices. Optionally, they can be implemented by means of
computer executable program codes, which can be stored in a storage device and executed by one or more computing
devices. In some cases, the steps shown or described herein may be performed in an order different from the one
described above. Alternatively, they can be implemented separately in individual integrated circuit modules, or one or
more of the modules or steps can be implemented in one single integrated circuit module. Thus, the present disclosure
is not limited to any particular hardware, software, and combination thereof.
[0249] The foregoing is merely illustrative of the preferred embodiments of the present disclosure and is not intended
to limit the present disclosure. Various changes and modifications may be made by those skilled in the art. Any modifi-
cations, equivalent alternatives or improvements that are made without departing from the spirits and principles of the
present disclosure are to be encompassed by the scope of the present disclosure.

Industrial Applicability

[0250] As described above, the embodiments of the present disclosure provide a method for processing an LBT
parameter, a method for adjusting a contention window and associated apparatuses and have the following advantageous
effects. A first station generates an LBT parameter including a parameter used by the first station to perform LBT for
unlicensed carriers and/or indicating a parameter used by a second station receiving the LBT parameter to perform LBT
for the unlicensed carriers. The first station transmits the LBT parameter. With the embodiments of the present disclosure,
the problem associated with interference due to unlicensed carrier contention by neighboring stations can be solved,
such that the interference between the neighboring stations due to unlicensed carrier contention by the neighboring
stations can be avoided.

Claims

1. A method for processing a Listen Before Talk (LBT) parameter, comprising:

generating, by a first station, an LBT parameter comprising a parameter used by the first station to perform LBT
for unlicensed carriers and/or indicating a parameter used by a second station receiving the LBT parameter to
perform LBT for the unlicensed carriers; and
transmitting, by the first station, the LBT parameter.
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2. The method of claim 1, wherein the LBT parameter comprises at least one of:
a maximum Contention Window (CW) value, a minimum CW value, a number of Clear Channel Assessments (CCAs)
in a defer period, a random back-off value, unlicensed carrier information, time to start performing LBT, a maximum
transmitting power, or a CCA energy detection threshold.

3. The method of claim 1, further comprising, subsequent to the first station generating the LBT parameter:

performing, by the first station, LBT for the unlicensed carriers based on the LBT parameter;
transmitting, by the first station, the LBT parameter to the second station scheduled by the first station; or
transmitting, by the first station, the LBT parameter to a plurality of second stations scheduled in one subframe,
such that the LBT parameters configured for the second stations have the same Contention Window Size (CWS),
the same random back-off value or the same number of 9ms time slots in a defer period.

4. The method of claim 3, wherein the first station performing LBT for the unlicensed carriers based on the LBT
parameter comprises:

performing, by the first station, LBT based on a cat4 process for an unlicensed carrier having the smallest CW
value among the unlicensed carriers and performing LBT based on a cat2 process for other unlicensed carriers
than the unlicensed carrier having the smallest CW value among the unlicensed carriers; or
performing, by the first station, LBT based on the cat4 process for an unlicensed carrier having the largest CW
value among the unlicensed carriers and performing LBT based on the cat2 process for other unlicensed carriers
than the unlicensed carrier having the largest CW value among the unlicensed carriers.

5. The method of claim 1, further comprising, subsequent to the second station receiving the LBT parameter:

performing, by the first station and the second station simultaneously, LBT based on a cat4 process for an
unlicensed carrier having the smallest CW value among the unlicensed carriers and performing LBT based on
a cat2 process for other unlicensed carriers than the unlicensed carrier having the smallest CW value among
the unlicensed carriers;
performing, by the second station, LBT based on the cat4 process for the unlicensed carrier having the smallest
CW value among the unlicensed carriers, while performing LBT based on the cat2 process for other unlicensed
carriers than the unlicensed carrier having the smallest CW value among the unlicensed carriers;
performing, by the first station and the second station simultaneously, LBT based on the cat4 process for an
unlicensed carrier having the largest CW value among the unlicensed carriers and performing LBT based on
the cat2 process for other unlicensed carriers than the unlicensed carrier having the largest CW value among
the unlicensed carriers; or
performing, by the second station, LBT based on the cat4 process for the unlicensed carrier having the largest
CW value among the unlicensed carriers, while performing LBT based on the cat2 process for other unlicensed
carriers than the unlicensed carrier having the largest CW value among the unlicensed carriers.

6. The method of claim 3, wherein the first station performing LBT for the unlicensed carriers based on the LBT
parameter comprises:

determining, by the first station, bursts to be aggregated and transmitted over the unlicensed carriers; and
performing, by the first station, LBT based on a cat4 process for the unlicensed carriers in accordance with a
first LBT level corresponding to a first burst having the highest Quality of Service (QoS) priority among the
bursts, or performing, by the first station, LBT based on the cat4 process for the unlicensed carriers in accordance
with a second LBT level corresponding to a second burst having the lowest QoS priority among the bursts.

7. The method of claim 6, wherein
the first station performing LBT based on the cat4 process for the unlicensed carriers in accordance with the first
LBT level corresponding to the first burst having the highest QoS priority among the bursts comprises: performing,
by the first station, LBT based on the cat4 process for a primary contention carrier of the unlicensed carriers in
accordance with the first LBT level; or
the first station performing LBT based on the cat4 process for the unlicensed carriers in accordance with the second
LBT level corresponding to the second burst having the lowest QoS priority among the bursts comprises: performing,
by the first station, LBT based on the cat4 process for the primary contention carrier of the unlicensed carriers in
accordance with the second LBT level.
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8. The method of claim 3, wherein when the LBT parameter comprises a CCA energy detection threshold, the first
station generating the CCA energy detection threshold in the LBT parameter comprises:
determining, by the first station, a CCA energy detection threshold for each of the unlicensed carriers based on a
use scheme of the respective unlicensed carriers, wherein the use scheme comprises a first use scheme in which
the unlicensed carriers are used in a non-Carrier Aggregation (CA) mode and a second use scheme in which the
unlicensed carriers are used in a CA mode.

9. The method of claim 8, wherein the second use scheme comprises:

carrier aggregation of the unlicensed carriers using one operating frequency point; or
carrier aggregation of the unlicensed carriers using an operating frequency point corresponding to each of the
unlicensed carriers.

10. The method of claim 8, wherein the first station performing LBT for the unlicensed carriers based on the LBT
parameter comprises:
performing, by the first station, first LBT for the unlicensed carriers, wherein said performing the first LBT comprises
performing LBT based on a cat4 process for each of the unlicensed carriers individually.

11. The method of claim 10, wherein the first station determining a first CCA energy detection threshold for a first
unlicensed carrier of the unlicensed carriers comprises:

determining, by the first station, the first CCA energy detection threshold as TL=-75+(23-PH)+10log(W) or TL=-
73+(23-PH)+10log(W),
where PH denotes a maximum transmitting power value for the first unlicensed carrier in dBm; and W denotes
a bandwidth of the first unlicensed carrier in MHz.

12. The method of claim 8, wherein the first station performing LBT for the unlicensed carriers based on the LBT
parameter comprises:
performing, by the first station, second LBT for the unlicensed carriers, wherein said performing the second LBT
comprises performing LBT based on a cat4 process for an unlicensed carrier to be used as a primary contention
carrier among the unlicensed carriers and performing LBT based on a cat2 process for an unlicensed carrier to be
used as a secondary contention carrier among the unlicensed carriers.

13. The method of claim 12, wherein the first station determining a second CCA energy detection threshold for a second
unlicensed carrier of the unlicensed carriers comprises:

determining, by the first station, the second CCA energy detection threshold as TL=-75+(23-PH)+10log(W) or
TL=-73+(23-PH)+10log(W),
where PH denotes a maximum total transmitting power value for the unlicensed carriers in dBm; and W denotes
a total bandwidth of the unlicensed carriers in MHz.

14. The method of any of claims 10-13, wherein the first station performing LBT for the unlicensed carriers based on
the LBT parameter comprises:
performing, by the first station, the first LBT and the second LBT simultaneously for the unlicensed carriers.

15. The method of claim 14, further comprising, subsequent to the first station performing the first LBT for the unlicensed
carriers:
using, by the first station, an unlicensed carrier for which the first LBT has succeeded among the unlicensed carriers
based on the first use scheme or the second use scheme, wherein when the unlicensed carrier for which the first
LBT has succeeded among the unlicensed carriers is used based on the second use scheme, a maximum transmitting
power value for the unlicensed carrier for which the first LBT has succeeded among the unlicensed carriers is PH-
10log(C), where PH denotes a maximum total transmitting power value for the unlicensed carriers in dBm and C
denotes a number of the unlicensed carriers.

16. The method of claim 14, further comprising, subsequent to the first station performing the second LBT for the
unlicensed carriers:
using, by the first station, the unlicensed carriers based on the second use scheme when the second LBT for the
unlicensed carriers has succeeded, wherein a maximum transmitting power value for each of the unlicensed carriers
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is PH-10log(C), where PH denotes a maximum total transmitting power value for the unlicensed carriers in dBm
and C denotes a number of the unlicensed carriers.

17. The method of claim 14, further comprising, subsequent to the first station performing the second LBT for the
unlicensed carriers:
using, by the first station, the unlicensed carriers based on the first use scheme when the second LBT for the
unlicensed carriers has failed but the first LBT for a part of the unlicensed carriers has succeeded.

18. The method of claim 17, wherein
when the part of the unlicensed carriers is one unlicensed carrier, a maximum transmitting power value for the one
unlicensed carrier is PH-10log(C), where PH denotes a maximum total transmitting power value for the unlicensed
carriers in dBm and C denotes a number of the unlicensed carriers.

19. The method of claim 8, wherein the first station performing LBT for the unlicensed carriers based on the LBT
parameter comprises:
performing, by the first station, third LBT for the unlicensed carriers, wherein said performing the third LBT comprises
performing LBT based on a cat4 process for one unlicensed carrier to be used as a primary contention carrier among
the unlicensed carriers.

20. The method of claim 19, wherein the first station determining a third CCA energy detection threshold for the one
unlicensed carrier to be used as the primary contention carrier among the unlicensed carriers comprises:

determining, by the first station, the third CCA energy detection threshold as TL=-75+(23-PH)+1 0log(W) or
TL=-73+(23-PH)+10log(W),
where PH denotes a maximum transmitting power value for the one unlicensed carrier to be used as the primary
contention carrier among the unlicensed carriers in dBm; and W denotes a bandwidth of the one unlicensed
carrier to be used as the primary contention carrier among the unlicensed carriers in MHz.

21. The method of claim 8, wherein the first station performing LBT for the unlicensed carriers based on the LBT
parameter comprises:
performing, by the first station, fourth LBT for the unlicensed carriers, wherein said performing the fourth LBT
comprises performing LBT based on a cat4 process for an unlicensed carrier to be used as a primary contention
carrier among the unlicensed carriers and performing LBT based on a cat2 process for an unlicensed carrier to be
used as a secondary contention carrier among the unlicensed carriers.

22. The method of claim 21, wherein the first station determining a fourth CCA energy detection threshold for a fourth
unlicensed carrier of the unlicensed carriers comprises:

determining, by the first station, the fourth CCA energy detection threshold as TL=-75+(23-PH)+1 0log(W) or
TL=-73+(23-PH)+10log(W),
where PH denotes a maximum total transmitting power value for the unlicensed carriers in dBm; and W denotes
a total bandwidth of the unlicensed carriers in MHz.

23. The method of any of claims 19-22, wherein the first station performing LBT for the unlicensed carriers based on
the LBT parameter comprises:
performing, by the first station, the third LBT and the fourth LBT simultaneously for the unlicensed carriers.

24. The method of claim 23, further comprising, subsequent to the first station performing the fourth LBT for the unlicensed
carriers:
using, by the first station, the unlicensed carriers based on the second use scheme when the fourth LBT for the
unlicensed carriers has succeeded, wherein a maximum transmitting power value for each of the unlicensed carriers
is PH-10log(C), where PH denotes a maximum total transmitting power value for the unlicensed carriers in dBm
and C denotes a number of the unlicensed carriers.

25. The method of claim 23, further comprising, subsequent to the first station performing the fourth LBT for the unlicensed
carriers:
using, by the first station, the unlicensed carrier to be used as the primary contention carrier among the unlicensed
carriers based on the first use scheme when the fourth LBT for the unlicensed carriers has failed but the third LBT
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for the unlicensed carrier to be used as the primary contention carrier among the unlicensed carriers has succeeded.

26. An apparatus applied in a first station for processing a Listen Before Talk (LBT) parameter, comprising:

a generating module configured to generate an LBT parameter comprising a parameter used by the first station
to perform LBT for unlicensed carriers and/or indicating a parameter used by a second station receiving the
LBT parameter to perform LBT for the unlicensed carriers; and
a transmitting module configured to transmit the LBT parameter.

27. The apparatus of claim 26, further comprising a performing module configured to:

perform LBT for the unlicensed carriers based on the LBT parameter;
transmit the LBT parameter to the second station scheduled by the first station; or
transmit the LBT parameter to a plurality of second stations scheduled in one subframe, such that the LBT
parameters configured for the second stations have the same Contention Window Size (CWS), the same random
back-off value or the same number of 9ms time slots in a defer period.

28. The apparatus of claim 27, wherein the performing module is configured to:

perform LBT based on a cat4 process for an unlicensed carrier having the smallest CW value among the
unlicensed carriers and perform LBT based on a cat2 process for other unlicensed carriers than the unlicensed
carrier having the smallest CW value among the unlicensed carriers; or
perform LBT based on the cat4 process for an unlicensed carrier having the largest CW value among the
unlicensed carriers and perform LBT based on the cat2 process for other unlicensed carriers than the unlicensed
carrier having the largest CW value among the unlicensed carriers.

29. The apparatus of claim 27, wherein the performing module comprises:

a first determining unit configured to determine bursts to be aggregated and transmitted over the unlicensed
carriers; and
a first performing unit configured to perform LBT based on a cat4 process for the unlicensed carriers in accordance
with a first LBT level corresponding to a first burst having the highest Quality of Service (QoS) priority among
the bursts, or perform LBT based on the cat4 process for the unlicensed carriers in accordance with a second
LBT level corresponding to a second burst having the lowest QoS priority among the bursts.

30. The apparatus of claim 27, wherein the generating module comprises:
a second determining unit configured to determine, when the LBT parameter comprises a Clear Channel Assessment
(CCA) energy detection threshold, a CCA energy detection threshold for each of the unlicensed carriers based on
a use scheme of the respective unlicensed carriers, wherein the use scheme comprises a first use scheme in which
the unlicensed carriers are used in a non-Carrier Aggregation (CA) mode and a second use scheme in which the
unlicensed carriers are used in a CA mode.

31. The apparatus of claim 30, wherein the performing module comprises:
a second performing unit configured to perform first LBT for the unlicensed carriers, wherein said performing the
first LBT comprises performing LBT based on a cat4 process for each of the unlicensed carriers individually.

32. The apparatus of claim 31, wherein the second determining unit is configured to:

determine a first CCA energy detection threshold for a first unlicensed carrier of the unlicensed carriers as TL=-
75+(23-PH)+10log(W) or TL=-73+(23-PH)+10log(W),
where PH denotes a maximum transmitting power value for the first unlicensed carrier in dBm; and W denotes
a bandwidth of the first unlicensed carrier in MHz.

33. The apparatus of claim 30, wherein the performing module comprises:
a third performing unit configured to perform second LBT for the unlicensed carriers, wherein said performing the
second LBT comprises performing LBT based on a cat4 process for an unlicensed carrier to be used as a primary
contention carrier among the unlicensed carriers and performing LBT based on a cat2 process for an unlicensed
carrier to be used as a secondary contention carrier among the unlicensed carriers.
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34. The apparatus of claim 33, wherein the second determining unit is configured to:

determine a second CCA energy detection threshold for a second unlicensed carrier of the unlicensed carriers
as TL=-75+(23-PH)+10log(W) or TL=-73+(23-PH)+10log(W),
where PH denotes a maximum total transmitting power value for the unlicensed carriers in dBm; and W denotes
a total bandwidth of the unlicensed carriers in MHz.

35. The apparatus of any of claims 31-34, wherein the performing module comprises:
a fourth performing unit configured to perform the first LBT and the second LBT simultaneously for the unlicensed
carriers.

36. The apparatus of claim 35, further comprising:
a first using module configured to use an unlicensed carrier for which the first LBT has succeeded among the
unlicensed carriers based on the first use scheme or the second use scheme, wherein when the unlicensed carrier
for which the first LBT has succeeded among the unlicensed carriers is used based on the second use scheme, a
maximum transmitting power value for the unlicensed carrier for which the first LBT has succeeded among the
unlicensed carriers is PH-10log(C), where PH denotes a maximum total transmitting power value for the unlicensed
carriers in dBm and C denotes a number of the unlicensed carriers.

37. The apparatus of claim 35, further comprising:
a second using module configured to use the unlicensed carriers based on the second use scheme when the second
LBT for the unlicensed carriers has succeeded, wherein a maximum transmitting power value for each of the unli-
censed carriers is PH-10log(C), where PH denotes a maximum total transmitting power value for the unlicensed
carriers in dBm and C denotes a number of the unlicensed carriers.

38. The apparatus of claim 35, further comprising:
a third using module configured to use the unlicensed carriers based on the first use scheme when the second LBT
for the unlicensed carriers has failed but the first LBT for a part of the unlicensed carriers has succeeded.

39. The apparatus of claim 30, wherein the performing module comprises:
a fifth performing unit configured to perform third LBT for the unlicensed carriers, wherein said performing the third
LBT comprises performing LBT based on a cat4 process for one unlicensed carrier to be used as a primary contention
carrier among the unlicensed carriers.

40. The apparatus of claim 39, wherein the second determining unit is configured to:

determine a third CCA energy detection threshold for the one unlicensed carrier to be used as the primary
contention carrier among the unlicensed carriers as TL=-75+(23-PH)+1 0log(W) or TL=-73+(23-PH)+10log(W),
where PH denotes a maximum transmitting power value for the one unlicensed carrier to be used as the primary
contention carrier among the unlicensed carriers in dBm; and W denotes a bandwidth of the one unlicensed
carrier to be used as the primary contention carrier among the unlicensed carriers in MHz.

41. The apparatus of claim 30, wherein the performing module comprises:
a sixth performing unit configured to perform fourth LBT for the unlicensed carriers, wherein said performing the
fourth LBT comprises performing LBT based on a cat4 process for an unlicensed carrier to be used as a primary
contention carrier among the unlicensed carriers and performing LBT based on a cat2 process for an unlicensed
carrier to be used as a secondary contention carrier among the unlicensed carriers.

42. The apparatus of claim 41, wherein the second determining unit is configured to:

determine a fourth CCA energy detection threshold for a fourth unlicensed carrier of the unlicensed carriers as
TL=-75+(23-PH)+10log(W) or TL=-73+(23-PH)+10log(W),
where PH denotes a maximum total transmitting power value for the unlicensed carriers in dBm; and W denotes
a total bandwidth of the unlicensed carriers in MHz.

43. The apparatus of any of claims 39-42, wherein the performing module comprises:
a seventh performing unit configured to perform the third LBT and the fourth LBT simultaneously for the unlicensed
carriers.
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44. The apparatus of claim 43, further comprising:
a fourth using module configured to use the unlicensed carriers based on the second use scheme when the fourth
LBT for the unlicensed carriers has succeeded, wherein a maximum transmitting power value for each of the unli-
censed carriers is PH-10log(C), where PH denotes a maximum total transmitting power value for the unlicensed
carriers in dBm and C denotes a number of the unlicensed carriers.

45. The apparatus of claim 43, further comprising:
a fifth using module configured to use the unlicensed carrier to be used as the primary contention carrier among
the unlicensed carriers based on the first use scheme when the fourth LBT for the unlicensed carriers has failed but
the third LBT for the unlicensed carrier to be used as the primary contention carrier among the unlicensed carriers
has succeeded.

46. The apparatus of claim 26, wherein the LBT parameter comprises at least one of:
a maximum Contention Window (CW) value, a minimum CW value, a number of Clear Channel Assessments (CCAs)
in a defer period, a random back-off value, unlicensed carrier information, time to start performing LBT, a maximum
transmitting power, or a CCA energy detection threshold.

47. A computer storage medium storing a computer program for performing the method for processing a Listen Before
Talk (LBT) parameter according to any of claims 1-25.
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